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ABSTRACT 

The.s?. .resource materials are a part of a larger plan 
for groundwater education, as detailed in the Iowa Groundwater 
Education Strategy. The six units are arranged in priority order. The 
first unit covers the basics of groundwater and hydrogeology in Iowa. 
The other five units cover Iowa's groundwater issues in priority 
order, as outlined in tne Iowa Groundwater Protection Strategy 1987. 
Within each unit are a list of objectives, background information, 
and some activities. Many of the illustrations are a full page to 
allow teachers to make an overhead transparency for discussions ^ In 
each activity the title is followed by suggested subjects (oarth 
and/or life science; all activities could be appropriate for general 
science) and an "average" length of time. The Quick Summary, 
Objectives, and Materials listings follow. The Printed/AV Materials 
section lists supplementary pages following the activity that could 
be used to make overhead transparencies, worksheets, etc. Other 
audiovisual materials that could be obtained may also be listed 
there. Sometimes more background is given in the Teacher Information 
section. The Procedure, Alternative, and Extensions all give ideas 
about how to implement these activities in a classroom. Six 
plexiglass groundwater models and a set of six groundwater posters 
accompany the set of GREAT materials when ordered from the 
Conservation Education Center, following topics are covered: (1) 
hydrology; (2) fertilizers and pesticides; (3) abandoned waste sites 
and landfills; (4) leaking underground storage tanks and hazardous 
materials handling and transportation; (5) direct paths of 
contamination; and (6) land-applied wastes and sewage treatment. More 
information on the water of Iowa, hazards of household products, 
publications on groundwater from the Department of Natural Resources, 
recycling directory, and information on composting are appended. 
(KR) 



CO 
Q 



Groundwater 
Resources^ & 
Educqtionat 
Activities^ for 

I 




An Iowa Ptojecf 




For Earth/Life/General Science 
7m-- m Grades 



ERIC 



lowQ Department of Nafuraf Resources 
lorry J. Wilsoh, Director 
September^ 1989 



U.S. DCPAirrMENT OF EDUCi^^^ON 

OHtce ol Educattonal ReMarch and Iftiprovement 

EDUCATIONAL RESOURCES INFORMATION 
CENTER (ERIC) 

k>Th<a docufiiftnt has b«9n reproduced as 
focetved from the person or orga^tzalion 
originatir>g it 

r Minor cfiariflos have bee * rnade to improve 
reproduction quohty 



•jints of v»«^ or op<nionf stated m this docu 
ani do not necessarily represeni official 
OtRI position or pclicy 



Printed on recycted papec 

' 2 



PERMISSION TO WPDo^ 



BEST CEfY AVAILABLE -^.^r 



GREAT 

Groundwater Resources and Educational Activities for Teactiing 



Iowa Department of Natural Resources 
Iowa Department of Education 



Gail George 

Iowa Department of Natural Resources 



Wittaca: 

Sharon Johnston 

Webster City Community School District 
JoeMc>ore 

. Keystone Area Educdtibr\.A0©ncy 
DonPerschou 

"Des Molnas Indeperident Community School District 
Ken Thompson 

Marshalttown Community School District 

JackTroeger , ., 

Ames Community School District 

JanWielert 

Iowa City Community School District 



Clflsgroom Held Testino TecichefSi 

Rick Ak:ock and 
Glen Hommerstrom and 
John Hesllnga and 
Bill Rinehort and 
Brenda Thomas 

Oskakx)sa Community School District 

Rosalie Cochran and 
Gay Stever and 
Diane Whitney 

Fairfield Community School District 
LaunI Dane 

Lynnville-Sully Community School District 
Sheila Engel 

Holy Family Scho<5l, Davenport 

Bruce Frana and 
Doug Ross 

Cedar Raplds.Cornmunity School District 
loisXSarms , 

■ Aitonbna Community School District 

Susan Morgan and 

Jeonette Schiefbrock 

Council Bluffs Community School District 



Grophte Arttetai 

Pat Lohrnonn and Larry Pool 

Iowa Department of Natural Resources 



SpeciqnhflnkatQ; 

• the many Department of Natural Resources staff 
who reviewed these materials, supplied information, 
and made comments for their improvement; 

• Jim Pease, Iowa State University Cooperative 
Extension Service, for his review ohd comments, 

• Duane Toomsen, Iowa Department of Education, 
for his assistance in planning and coordination. 



Pundlmy 

Oil Overcharge Funds designated by the Ground- 
water Protectton Act paid for this project. These 
materials were prepared with the support of the U.S. 
. Department of Energy (DOE). However, any opinion, 
findlrjg, conclustons or recommeridations expressed 
herein ore those of the authors and do not necessarily 
reflect thve views of DOE. 



John NIemoth 

Niebrora Community School District 
Jeiyy Petermon 

Denlson Community School District 
Duane Proctor 

Carroll Community School District 
Chris SoWat 

Kalono Community School District 
Don Stoker 

Gilbert Community School District 
Paul Swenson 

Sumner Comniunlty School District 
Da>/ld Thomas 

Knoxvllle Community School District 
John Verdon 

Waverly Community School District 



ERIC 



li 



Introductton 



ERIC 



Iowa law requirM watar quality Issues to be Included in seventti and eighth grade silence. This is a 
result of tlTe Grour^dwater Protection Act which was passed ir^ 1987 in the face of increasing ground- 
water contamlnatton. 

Groundwater quality is important for at least three reasons. 

1. Groundrfi/ater supplies drinlcing water for about 80% of oil iowans and for virtuaiiy ail private 
rural users. 

2. Groundwater contamination can affect the ecosystems of plants and animals, because 
groundwater often recharges lakes and streams. 

3. Iowa's economy depends on groundwater for over three-fourths of the water used for live- 
stock, irrigation and commercial purposes. 

The priority o* groundwater issues In Iowa was agreed upon by the Iowa Legislature, Deportment of 
Natural Resources, and other groundwater interests. Iowa's 1987 Groundwater. Protection Act wos 
landmark legislation that started to address these issues which ore summarized in priority order 
below. 

1. Fertilizers and Pestteides 

2. Abandoned Waste Sites 8i Landfills . • 

3. Leaking Underground Storage tanks and 
Handling & Transporting Hazardous Materiois 

4. Direct Paths of Contamination 
(Ag-drolnage Weils, Abandoned Weils 8i Sinkholes) 

5. Land-applied Wastes & Sewage Treatment 

"Protection through prevention" Is the basis for Iowa's philosophy for groundwater protection, it has 
been found to be more feasible, more effective, and less expensive to prevent groundwater con- 
tamination than to tr/ to clean tt up after it has occurred. 

Energy savings from groundwater protection programs con help reduce Iowa's reliance on im- 
ported energy-98% of the state's total energy use. Therefore any reduction in our use of petroleum 
products (such as agricultural chemicals or leaked gasoline) con help Iowa's economy. Also, fewer 
applteotions of fertilizers and pesticides result in less tractor fuel used. Proper application of manure 
or sludge reduces the need for commerctai fertilizers which saves natural gas. Waste management 
ottematives can also save energy through recycling or by buming garbage to produce heat or 
electricity. Also methane gas, another energy source, can be produced from landfills, manure or 
sewage sludge. 

GREAT (Groundwater Resources and Educational Activities (or Teaching) reflects Iowa's philosophy of 
preventton and priority of Issues. It is also a port of a larger plan for groundwater education, as 
detailed In the Iowa Groundwater Education Strategy. This plan includes materials developed by 
the University of Northern Iowa (Outkx?k on Groundwater), by Iowa State University (Groundwater 
Protectton Through Preventton. A Curriculum For Agricultural Educotior in Secondaiy Schools), and 
potential future materials for other curricuior areas. Preventing groundwater contamination de- 
pends on education. People must be knowledgeable about groundwater problems and motivated 
to take octton to resolve them. 

It Is hoped that these materials help you do a "GREAT" job of teaching about lowo's groundwater. 

Ill 



How to Use This Book 

QfOgpiagltQn d GPEAT refoundwofar Reaourcaa A Et^^jcotionQl Activiti^ for Tacnehinq^ 

The six units are arranged in priority order. The first unit covers the basics of groundwater and 
liydrogeology In Iowa. The other five units cover Iowa's groundwater issues in priority order, as 
outlined in the Iowa Grou ndwater Prntoctlon Strategy 1987 . These priorities were set by consensus 
among those with groundwater interests. 

Witt)in •ach unit are a list of objectives, background information, and some activities. Many of the 
Illustrations ore a full page to allow you to moke on overtiead transparency for discussions. 

In each octivHy the title Is followed by suggested subjects (earth and/or life science: ail activities 
could be appropriate for general science) and on "overage" length of time. The Quick Summary. 
Objectives, and Materials listings follow. The Printed/A V Materials section lists supplementary pages 
following the activity that could be used to moke overhead transparencies, worksheets, etc. Other 
audiovisual materials that could be obtained may also be listed here. Sometimes more back- 
ground Is given in the Teacher Information section. The Procedure. Alternative, and Extensions all 
give ideas about tww to implement this in your classroom. 

A one-foot plexiglass groundwater nnodel, designed to be used by small groups of students, is a 
port of the GREAT program. Appendix A describes how to use this model which has voriotions to 
show the different types of groundwater contamination. You may decide to use all of the vari- 
ations at once as an introduction, or to use each as a part of t. ie different units. A set of six 
groundwater posters also accompany GREAT, one for each unit. The otfier appendices give 
further Ideas and references. 

Choosing What to Put In Your Curriculum 
Consldetotlons for Your Classroom 

Because most teachers will not hove time to do everything in this book, here are some suggestions 
for the planning and "trimming down" process. 

1. What is the environmental problem? 

a. Broad overview of Iowa's groundwater issues - To get on idea of the scope of this problem 
yourself, review the background information for each unit. Then if you don't do something 
from each unit, try to at least summarize the variety and priority of Iowa's groundwater 
Issues for your students. Also, what ore the general concepts underiying these issues? 

b. Personalize the issue. Do one of these Issues touch particularly close to home for your 
students? You moy wont to study that port in more depth. 

2. Motivate your students to wont to be a port of the solution. Help them to see how important it is 
to protect groundwater. Also, many students find activities more motivating than lectures. 
However, the reality of time constraints usually dictates a balance in different teaching meth- 
ods. 

3. Have students practice soWing a piece of the problem. On what port con they personally toke 
action? Try It! 

These steps ore just another way of checking to see if you have covered " ^se categories of 
objectives for environmental education: awareness, knowledge, attitudeSv skills, and participation. 

Conskteratk}ns for Your School District 

Can you coordinate your lessons with the other earth/iite/generol science teachers in your district? 
Con you divide GREAT into ports to be covered in the different subjects or grade levels? 

Don't let oil these groundwater considerations be too "draining" on you. Just "dive in" and give it a 
GREAT try! 

ERIC ^ 
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Unit I. ROCK 



I. POCK-. HYDRQGEQLOGY 



OBJE(rnVES: 



Upon completion students will be able to; 



Hydrogeologlsts 
ore all wet. 



1 . Draw a diagram of the major parts of Iowa's water cycie. 

2. Describe how water accumulates in the ground. 

3. DHterentkate between porosity ar>d permeability and how each 
affects groundwater moverr. ant. 

4. Construct an aquifer model and Infer how an aquifer works. 

5. Trace the path of water In an aquifer. 

6. Compare the porosity of different rock types such as limestone, sandstone and shale. 

7. Ider\tlfy the source of their home drinking water. 

8. Critically discuss how several processes are commonly used to Improve groundwater for 
drinking. 

9. Analyze and describe the major factors that affect natural groundwater quality, 

10. Analyze and describe how lowans use groundwater. 



BACICeBQiJND INFORMATION 

Groundwater is one of Iowa's most precious resources. It a'^'ects every lowan each day. but it 
Is being threatened by contaminatksn from many sources. Through the 1987 Groundwater 
Protection Act. an effort is being made to protect this valuable natural '©source. 



Wafer Cycle 

Groundwater is an important part of the water cycle or hydrologic cycle. In fact, water may 
be our most recycled resource. Water falls to Earth as precipitation. Some of the water falls on 
ptants before it reaches the ground. Surface runoff carries rainwater and snowmelt over the 
land to tocal rivers and streams. Water also infiitrctes into the sdl and is retained by the soil in 
the root zone, where It provWes needed moisture for plant growth. Excess wate. not used in 
the soil moisture zone percolates down to become groundwater. Eventually groundwater 
moves through thie earth to discharge at streams or wells. To complete this cycle, water is car- 
ried bock to the air by transpiration from plants and by evaporation from surface bodies of 
water (evapotranspiration). This water vapor in turn may condense and return to Earth as pre- 
cipitation. 



Iowa's Water Cycle 

Iowa's annual average precipitotk^n Is about 32". About 2"-3" of this yeariy total fells on plants. 
Runoff In k3wa omounts to about 3"-4". About 26"-27" infiltrates the soil, and about 2"-3" be- 
comes groundwater. About 24"-25" of the store's precipltotion returns to the atmosphere as 
water vapor as a result of evaporatton and transpiration. 

Iowa's groundwater may seem to be less important than the other 
parts of the water cycle because It Is out of sight and thus perhaps 
often out of mind. Groundwater, however, is a very important part 
of the cycle. This process provides essential temporary and perma- 
nent storage of water within the state. Groundwo+er is the source 
of water that lowans use most. 



Groundwater: 
out of sight... 
out of mind... 



GfOundwat«r Basics 



Groundwater is water under the ground which saturates sediments and rocl<. The water tabta is 
the top surface of the saturated zone of these earth materials. Above the water table is a zone 
of aeration where both air and water are present between particles of material. 

Mo&t groundwater Is stored and transported in aquifers. An aquifer Is a zone of sedlmc ^ c 
rock that can store and trar^mlt water, usually enough for prolonged periods of pumpirn a 
well. Aquifers vary In sf^a, shape, depth, quality, and content, txjt ttiey have two characteris- 
tics In common: porosiiy and permeability. 

Like the holes In a sponge, on aquifer has openings or pores thtat can store water. Porosity 
refers to tt^ese openings, which rrKiy be spaces between Individual particles (as occurs in sand 
arxj graveO or cracks and fractures (as occurs In limestone and dolostone). Porosity is the 
percentage of trie total volume of the aquifer thot is pore space. The greater the pore soace. 
the higher the aquifer's porosity. Ttie porosity of most aquifers ranges from lC%-40%. Generally 
the hlgh-sr the porosity, the better the aquifer in terrr.$ of storing water. 

Permeabliity is the ability of sediment or rock to trans mit water and other liquids through the 
pores or openings. Materials with high permeability or with well-connected spc< -es, nake good 
aquifers. Generally, materials with a high content of fine-grained material such as cloy are 
tower in perrrieability. 



Most wells require a pump to drew grourKhvater to the surface. — 

Where the well is kswer than the aquifer Intake or recharge 

area, groutidwater rises in the well under its own pressure to a level above trie top of the 
aquifer, creating an artesian wefl. Sometimes thiis pressure "head" is enough to cause the 
water to come up all the way to the land surface, resulting In a flowing artesian well. 

How fast does groundwater move? Usually very slowly, but it depends on what It's moving 
through. Water may move through sandstone a few inches or feet per day, but it also moves a 
thousand times slower through shole and a thousand times faster through gravel. 



Types o^ Aquifers 

Aquifers in Iowa can be divided into two general types: surficioi aquifers and bedrock aquifers. 
See Table I- 1 : General characteristics of Iowa 's aquifers. See also Figure F- 1 : Principal aquifers 
in Iowa in Appendix F. 

I. Surflciai aquifers, whtoh occur above the bedrock aquifers are of three types: 1) alluvial, 2) 
vjlactal drifts and 3) buried channels, a less extensive type of aquifer. These aquifers can be 
located in Rgure 1-1: Types of surflctal aquifers. 

A. AHuvioi oqulfers are saturated sand and gravel deposits filling voKeys atong rivers and 
streams. They are usually named after the river which deposited the sand and gravel. 

B. Drift aquifers are saturated sand and g-avei deposits resulting from gkxkal activity. They 
occur OS Isolated, irregular bodies or lenses contained within a deposit of ctay-rich glacial 
drift. The extent of drift aquifers Is usually poorty known, and they may be local in their oc- 
currence. 



Most aquifers are separated by other ksyers or bodies of geo- 
logic materials that have low permeability and porosHy, called 
aquttards or confining toyers. 





1-2 



Tabie 1-1. General characteristics of major groundwater sources in Iowa 





Type of Aquifer 


Location 


Knowledge of 
Location 


Naturally occuning 
water qualKy 


Susceptibility to 
contanfwnation 


Extent of use 


rotal 

Groundwater Use 


Water) 




and ponds) 






(Very high) 




(20%, 


Surfidal 


Alluvial 


River floodplains 
throughout the 
state 


Fair to Gooc^ 


Good to excellent 


High 


Heavy use along 
major rivers, Impor- 
tant for public & 
industrial supplies 


48% 


Aquifers 


C fiial Drift 


Scattered through- 
out the state 
except northeast 
comer 


Poor 


Fair to good 


Medium to high 


Important for small 
mral users espe- 
cially in north, west 
and south 




Buried Channel 


Scatiored 
throughout the 
state 


Fa'' 


Fair to good 


Medrum 


Local 

importance in cen- 
tral and east 






Dakota 
(Cretaceous) 


^Jorthwest and 
west-central 


Excellent 


Poor to good 


.\4edium to low 


Moderate - mral and 
public supplies 


6% 




Mississippian 


Roughly west of a 
line from Frank"n 
to Des Moines 
Counties 


Excellent 


Good to excellent 
outcrop areas in north- 
central. Mostly poor 
elsewhere 


Moderate in north- 
central, low in 
central and south- 
east 


Heavy use in north, 
nwderate elsewhere 


4% 


Bedrodf 
Aquifers 


Silurian- 
Devonian 


An but noflheast 
and northwest 
comers 


Excellent 


Fair to excellent east- 
central and north- 
central; Mostly poor in 
central and south 


Moderate to high 
northeast and 
north-central, low 
elsewhere 


Heavy use In east- 
central, northeast 
and north-central for 
rural, public and 
industrial use 


11% 




Jordan 

(Cambrian- 

Ordovician) 


All bui northwest 
corner 


Excellent 


Fair to excellent 
eastern half. Poor in 
south and west 


Low 


One of most 
dependable sources 
for large wells in 
east hal? 


10-', 




Dresbach 
(Cambrian) 


All but northwest 
corner 


Good to 
Excellent 


Fair to good 


Low 


Locally important in 
east 


11 



FIGURE I- 1 3 TYPES OF SURFICIAL AQUIFERS 
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C. Buri€Ml channel aquifers are saturated sand and gravel deposits formed by glacial or 
pregiaclal rivers. They occur as a channel in the surface of the bevirock and ore usually 
buried beneath glacial drift (assorted sizes of earth materials left by a glacier). 

II. Bedrock aquifers ore soturatod bodies of rock. In Iowa these aquifers are usually sedimen- 
tary rocks of 'imestone. dolomite or sandstone. (Near Manson. the bedrock aquifer is formed in 
ancient igneous rocks.) These aquifers ore named for either the rock formation or the age of 
several rock units v/hich ore saturated. Such aquifers usually occur over v\/ldespread geo- 
graphic areas. 

Ncrturol Groundwater Quality 

Iowa's natural groundwater quality varies conskierably across the state. Groundwater com- 
monly contains dissolved minerals such as magnesium, coteium. sodium. Iron, fluoride, and 
sulfate. The problem with many natural contaminants is not safety, but aesthetics (taste, odor, 
or color). See Table 1-2. For example, high levels of Iron con stain plumbing fixtures and laundry 
and give drinking water on unpleasant taste and odor. 

As water percokjtes through the ground. It dissolves some of the minerals in the materials it encounter, 
nxreosing Its mineral concentration. Therefore, in general, me deeper ttie aquifer, ttio more dtesolved 
minerals it tics, and ttw poorer ttM natural water quality. For example. Figure 1-2 shows a general- 
ized cioss-sedkxi of the Jordan aquifer In kjwa tapped by Ivyo wels. one nw 
andonenearl>JbuquelnnoritTeastemtowa in eastern kjwa. the Jordan aquifer Is near the surface and 
hasbetternaturd water CM3lly. but In western towa. the depth to +h0 aquifer increases and the natural 
water qualty becomes more highly minerabed. 

Typically, the natural quality of groundwater found in alluvial aquifers is best. Drift aquifers and 
buried channel aquifers located throughout Iowa are highly variable in both water quantity 
and quality. 

Rgure 1-3 shows that the natural water quality of bedrock aquifers Is good In northeastern and 
eastern Iowa and fair In northwestern Iowa. Southern Iowa generally has the state's poorest 
natural groundwater quality. 

Radioactive elements ore other naturally occurring contaminants that are occasionally found 
In groundwater supplies. Generally, radioactivity is not a widespread problem in Iowa, but 
levels can be high in some rock aquifers, espectally in northwest, central, and southeast Iowa, 
where levels may exceed state drinking-water standards. 



Susceptibility To Contamination By People 

Some of the factors that affect groundwater's susceptibility to contamination ore: depth to the 
aquifer, rate ofv^oter movement, and soi type. In addition to tWration factors, anything that provides a 
dkect pathway to groundwater bx^ecses Its suscept«3ity to contami^^ This Includes fractures in 
rocks, sinkholes, poor wels. and agricultural drainage wells. 

Aquifers neattie surface ore rrxjreeasaypoluted than deep aquifers. Afcjvial. drift, and shallow, unpro- 
tected bedrock aquiftefs ore the rT)C6tsuscepttole to contamination caused by peop^ Thus the depth to 
an aqulferccn be bolh on advantage ondadsadvoTtage. Deep aqulfe«spray/ide better protection from 
surface contamination but often contain more dissolved minerals resulting in poorer natural 
water quality. 

Surface contamhants can tV>A/ a be carried with rainfol as It percok3tes i^^ 
fTx>ves into sholov^oundwater systems. The rote of infiltration con affect groundwater quality by 
enalDlng contaminants to move elttier rapidly or stowty. This rate abo affects how kxigwatei' stays In 
upper soB layers fa fWering. 



Table 1-:^. Commonly occurring minerals in Iowa well water. 



Mirwral 


Effects on water quality 


Iron 


-Imparts yeltow or reddish-brown color to water at concentrations greater 




than 0.05 mg/l (milligrams per liter). 




-Staining of plumbing fixtures and laundry. 




-Creates slightly bitter or astringent taste. 




-High concentrations may effect color and taste of some beverages. 




-Iron deposits may plug pipes and well screens. 


Manganese 


-Imparts dork brown color to water. 


•Staining of laundry and plumbing fixtures. 




-Impairs taste of drinking water and beverages. 




-Frequently occurs together with Iron. 


Calcium and 


-Cause water hardness which reduces lathering and sudsing capacity of 


magnesium 


soaps. 


(hardness) 


-Form soap scum and film. 




-Form scale In pipes, water heaters, radiators, and boilers which may clog 




or impede the heat transfer capability. 


Sodium 


-Of speckal concem to persons on sodium-restricted diets. 


Flouride 


-Provides effective prevention of dental decoy when In drinking water. 




-Will cause mottling (discoloration) of teeth if drinking water contains 




excessive fluoride. 


Chloride 


-Con cause objeciionoble tastes in drinking water. 



Sulfate -May combine with other minerals to form hard scale in boilers or water 

heaters. 

-Con cause undesirable taste in drinking water. 

-Combines with sodium or magnesium to form Glauber salt or Epsom salt. 
Both ore well-known laxatives and sufficient concentrations will fre- 
quently cause diarrhea among people or young livestock which ore 
unaccustomed to high-sulfate waters. Both humans and livestock 
appear to become acclimated to sulfate over a period of time. 



-Exists OS a dissolved gas in some well water, but derived in part from 
Hydrogen microbial action on water with a natural sulfate content, 

sulfide -Prc^duces a characteristic "rotten egg' ' odor In low concentrations but 

cannot be detected in high concentrations. 

-Causes water to be highly corrosive. 

-The gas is extremely toxic in high concentrations. Special safety precau- 
tions should be token when entering well pits or other poorly ventl- 
kited enclosures where this gas might possibly concentrate. 



Source: ISU Cooperative Extension Service, PM987, Water Quality for 
Home & Farm. 
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Figure 1-2. Cross section of Jordan aquifer, 
a iDedrocIc aquifer 





FIGURE 1-3 NATURAL OCCURRING WATER QUALITY IN IOWA'S BEDROCK AQUIFERS. 
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Soil does not filter all contaminants. Chemical contaminants from a variety of landuse activities 
have been found In various aquifer settings. Thick layers of soil con fiher disease-causing bacte- 
ria and slit which are often problems In surface water supplies. Contaminants are "filtered" In 
boslcaliy two ways: (1) decomposing and (2) sticking to certain soil particles (called adsorp- 
tion). Soil type and natural bacteria affect how water Is filtered as It moves to aquifers below. 
Bocteria In humus-rich topsoH may break down some contaminants If the water stays in the 
topsoll long enough. Clay-rich soUs provide a better barrier to the infiltration of contominanrs 
than porous sandy or gravelly soils. 



Water Uses 

Table 1-3 shows that most of Iowa's water used for drinking and Industrial purposes is from 
groundwater. (This excludes water for power generation, most of which is returned to rivers for 
future use.) 

After excluding the water withdrawn for power generation. It was estimated that for each 
person In Iowa during 1985. 330 gpd (gallons per day) were withdrawn from surface water and 
groundwater sources for all uses. Including both home and business uses. Iowa homes use an 
estimated 85 gpd per person. 

About 80% of Iowa's population drinks groundwater. 

Rgure 1-4 shows the estimated total groundwater use by category. 
Publte water suppliers used the most groundwater: 38.5% of the total; 
livestock used 20.1% of the groundwater, followed by self-supplied 
industrial, self-supplied domestic, irrigation, mining, self-supplied 
commercial, and power generatkjn. 

Refer also to the teacher InformatkDn in Investigating Water Use in Iowa on page 1-39. 



Water Treatment 

Publk: drinking woter is usually treated before use. However, private rural wells usually hove not 
required treatment. Treatment practk:es used in Iowa vary widely. The four most common 
methods of water treatment ore described in the outline below, followed by other methods. 

I. Most common methods of water treatment. 

A. Remove the "big stuff". 

1. Intake screens con remove large things like stk:ks. fish and dirt from surface water. 
In groundwater, karge Items ore naturally screened as the water moves through earth 
materials. 

2. Other processes in publk: water treatment, such as coagulation and flocculatlon, 
can remove dW ond other solids. Chemteols are added to the water which cling to 
impurities (coagulatkjn) and form larger, heavier particles called floe. The floe and 
sediment drop to the bottom of a settling tank and ore eventually removed as sludge. 

B. Remove "gerrm". 

Adding chk)rine to water is the most common method of killing disease-causing organ- 
Isms. Bacteria are present in most of Iowa's surface water, and may be present in 
groundwater If wells ore old or pooriy constructed. 









( 


We depend on 






groundwater. 











Table 1-3. Percentage of uses supplied by Iowa groundwater 

Percent of Category 
Supplied by 



Category of Use Groundwater 

Public water supplies 74 

Self-supplied domestic 1 00 

Livestock 79 

Irrigation 78 

Self-supplied industrial 36 

Self-supplied commercial 76 

Mining 80 

Power generation 1 
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FIGURE 1-4 ESTIMATED TOTAL USE BY CATEGORY (%) 
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C. Control taste, odor, color. ar>d corrosion. 

Different treotmer^t methods car^ be used to remove mherals such as Iror^ or mar^ga- 
nese. Activated carbon fitters or aeration are often used to remove the rotten egg 
odor of hydrogen sulfide. 

D. Remove hardness. 

Water softeners or other methods car^ be used to remove calcium ar^d mogr^eslum 
which cause water hordr^ess problems. 



ll.Other potential treatment furcations. 

A. Addfkjortde. 

Ruoride Is added to most municipal treatmerct facilities to help preverct tooth decay. 

B. Remove chemical's y/lth health iisl(s. 

Chemical corctominarcts such as rcltrotes, pesticides, or gasolirce/orgorcic solvents are 
generally very expercslve to remove. Morcy people v/lth this problem fired It cheaper to 
fired another water source than to remove these chemicals. Preventlreg coretamlreation 
at its source is generally cheaper an6 more effective than water treotmeret for these 
chemicals. 

For more Ireformotion on home treatmeret systems, refer to Home T.eatmeret Systems for 
Drinking Water Quality, published by the Hygienic Labcratory. The University of Iowa, 
Oakdole Campus, Iowa City, lA 62242; phoree (319) 335-4500. Table 1-4 Drinking Water 
Quality Problems In Iowa is from this Isooklet. 

Iowa Aquifers From Bottom To Top 

The geokjgk: history of Iowa has determined the type of material, depth, exteret. ored produc- 
tivity of each of the state's aquifer systems. Underlying the eretire state Is a thick stock of lay- 
ered bedrock which was deposited huredred* of millions of years ago when all or parts of Iowa 
were covered by shaltow seas. These bedrock layers are composed mostly of limestone, 
sandstone, shale, ored dotostoree. and Ire general they ore Irecllned In a southwesterly direction. 
They are like tilted layers Ire a coke. On top of the bedrock ore other layers of younger, softer, 
loose material deposited by glaciers, rivers, and wired during the lost two million years. These 
surficlal layers ore like frosting on a coke, ored they ore composed mostly of a mixture of boul- 
ders and clay (glacial drift); water-sorted gravel, sored, silt, and cloy (alluvium); ored wlnd-blowr;» 
silt (loess). 

There are five major bedrock aquifers beneath Iowa. From bottom to top they ore called the 
Dresbach. Jordan (Cambriare-Ordoviciore). Silurion-Devonkare. Mississipplore. ored Dakota (or 
Cretaceous) aquifers. 

The Dr«sbach oqulfef is the okjest. mode of rock whk:h formed about 600 mllllore years ago 
durireg the Cambrian period. It is composed mostly of pore • sandstone. It Is used only Ire a few 
eastern counties of the state. A common well yield is about 600 gallons per minute (gpm). but 
the wells are deep ored the water is highly mlneraltz.ed. 

The Jordan aquifer urederiles most of the state, it te sometimes colled the Cambr'are-Ordovlclon 
aquifer which also Irecludes the Prairie du Chlen Formatton. it Is exposed at the sur .ace ire 
extreme northeastern Iowa, but In southwestern Iowa It is more than 3000 feet deep. Most of 
the aquifer Is composed of porous sandstone. Tl-.ls aquifer is Iowa's most wkJespreod. depend- 
able groundwater source, and it is utilized by a large number of communities and Industries. 
The common well yield varies from 100-1000 gpm from southwestern to northeastem Iowa. The 
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Table 1-4 


Drinking Water Quality Problems in Iowa 


I. Problems That May Threaten Health 


Contaminant 


A. Collform Bacteria 


B. Nitrate 


C PesHdde 


a lead 


E Gasoline/Organic Solvents 


PoMible health 
effect (varies 
with expoiure, 
compound, 
and tutceptl* 
bility) 


Intestinal !llnessess; 
taste or odor 


methemogk)binemta 
(blue baby disease) 


Acute: vomiting, 
weakness, etc 
Chronk: cancer, 
genetic or birth 
defect risks 


Chronk: adverse 
effects on blood, 
nervous and 
kidney systems 


Chronk: cancer risks; 
taste or odor 


Possible 

Source 


Surface or shallow 
subsurface water 
or wastewater 


Fertilizer, manure 
septic system, 
etc. 


Improper use, dis- 
posal, spills or back- 
siphoning accident 


corrosion of 
lead pipes or 
lead solder 


Leaking storage tanks, 
spills, improper use or 
disposal 


Suggested 
Treatment 


Eliminate source; 
correct defects of 
well or supply, 
shock chlonnate, 
then recheck for 
safety 


Eliminate source; 
correct defects of 
well or supply, 
ank>n exchange, 
reverse osmosis, 
distillation 


Eliminate source 
purge system; 
dependineontype 
of pesticide, treatment 
uiuts may be available 
(consult manufacturer) 


Reduce corrosion, 
(seet)ek)w), lead 
pipe/solder re- 
placement, 
reverse osmosis; 
distillation 


Eliminate source, purge sys- 
tem; activated caroon filter in 
series; vented distillation 


II. Problems That Usually Do Not Threaten Health 


Contaminant 


F. Iron or Manganese 


1 G. Hardness 


H* Iron Bacteria 


I. Corrosion 


J. Taste/Odor 


Complaint 


Rusty water; rust 
stains on sink or 
clothes; deposition 
inside pipes 


Scale, soap 
scums, deposition 
inside pipes 


Oily film on 
water; slime 
growth in water 
tanks or toilets 


Metallic taste; 
g;reenish stains on 
hiucets, sinks, 
leaking pipes 


Rotten egg odor 


Possible 

Source 


Corrosion of iron pipes 
or these elements may 
be natu^lty present 
in aquifer 


Dissolved calcium 
and magnesium 
from soil and /or 
aquifer 


Present in iron- 
rich aqui(er; introduced 
byconbiminated 
drilling equip- 
ment 


Conrosive water 
present in aquifer; 
softened'' water; 
incompatible me- 
tals in plumbing; 
aggressive water 


Hydrogen sulfide gives 
water this odor; corrosion; 
sulfur bacteria 
NOTE: make sure odor is 
not due to Coliform bac« 
teria problem (seel.A.) 


Suggested 
Treatment 


Water softeners for sol- 
uble (ferrous) iron; Iron 
removal units (green 
sand filler); reverse 
osmosis; distillation 


Water softener (k>n 
exchange^ reverse 
osmosis; distillation 


Shock c^lori- 
n^tion;conlin- 
ViOas chlorination 
to retard regrowth 


Add corrosion * 
control chemicals 
or sacri- 
ficial metal 


Shock chlorination; 
green^sand iron fitter; 
activated charcoal 
filters 
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natural water quality is best In ttie norttieastem part of ihe state. Since the 1 880's water levels 
associated wltti ttiis aquifer have dropped about 150-200 feet In parts of the state. Within major 
pumping centers a yearly decline of 4-6 feet Is common. 

The saurian-Devonian aquifer underlies most of the state. It is a productive aquifer composed 
of creviced and fractured limestone and ddostone. It is heavily utilized In a riarrow zone atong 
the Cedar River valley from Charles City to Waterloo, where It supplies as much as 4000 gpm 
and Is in direct contact with ovoriying alluvial material. The common public-supply well yield 
varies from 100-400 gpm. This aquifer Is not a significant producer In the central and southern 
parts of the state because of high concentrations of sulfate Ions resulting from the presence of 
gypsum In the rock. Sinkholes In nctheastem Iowa (karst regions) are often developed In the 
top of this bedrock aquifer, and th(7 provide easy and direct entry pf contaminants Into the 
aquifer. 

The MissUsippkan aquifer underlies about 60% of the state and is utilized primarily in the north- 
central and southeastern parts of Iowa. It Is composed mostly of fractured limestone and 
dolostone. The common well yields range from 10-500 gpm. depending on location. The water 
quality and quantity decrease towards the southwest. 

The Dakota aquifer underties most of northwestern Iowa. It is composed mostly of sandstone 
with common well yieWs ranging from 50-100 gpm. In some areas, such as Sioux City, the yields 
are in excess of 1500 gpm. The Dakota aquifer is being utilized for municipal, rural, and irriga- 
tion needs. 



The three types of surftekal aquifers are : alluvial, drift, and buried channel. 

Alluvial oqutfen are composed mostly of stiallaw deposits of sand and gravel along present- 
day river valleys. The dep<»its akxig the Missouri and Mississippi Rivers store and trananlt very 
large 'Quantities of water, as evWenced by many wells pumping In excess of 2000 qp»ti for 
muntelpal. Industry, and Irilgatkxi purposes. Many of Iowa's smaller Interior river and Ji"tream 
valleys also contain alluvial aquifers. They are generally less productive, but Cedar Rapids and 
Des Moines pump about 15 and 20 million gcltons per day. respectively, from the alluvial aqui- 
fers along the Cedar and Raccoon Rivers. Alluvial aquifers occur at shallow depths and are 
productive, but they are also highly vulnerable to contamination from the land surface. 

The drift aquifers are generally random, isolated bodies of sand and gravel enclosed within the 
clay-rich glacial drift. They usually sen/e only as a source for small private rural watei* supplies, 
because they typkially have k5w yields, often less thon 10 gpm. and low storage capacity. 
They are especkally Important in southern and western Iowa where other water sources are too 
deep and yield water with poor natural quality. 

Buried channels form a tNrd type of surfteial aquifer. They are generally located of the bed- 
rock surface beneath the glacial drift in valleys formed by glackal or preglactal rivers. They mcr/ 
occaslonclly be connected to overtylng all jvld aquifer?? alorig present-day streams and rivers. 
They typk:ally ylekj from 10-100 gpm. but may occa$k>nally provkJe in excess of 500 gpm. The 
most productive examples are found In centra! and eastem Iowa. 
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Investigating Iowa's Water Cycle 

Forth/Life Science 15-20 minutes 

Quick Summary: Students will develop a model of the water cycle for Iowa based on the 
annuo! average precipitation (32"). The completed model will show the o unts of water 
which enter various parts of the water cycle. 

Obj^ctivos: Upon completion students will be able to: 

1 . Draw a diagram of the major parts of iowc's water cycle. 

2. Estimate how much water enters each part of Iowa's water cycle. 

3. Relate the importance of groundwater to the total amount of water that falls on Iowa. 



Materials: None 



Prii^ted/AV Materials: 

Overtiead/Worksheet: Iowa's Water Cycle 
Teacher Informatton: 

See hydrogeology bacl<ground information. 

* 

Procedure: 

1 . Have students develop the water cycle and then study the worksheet: 
Iowa's Water Cycle. (This can be done in small groups or as a class 
discussion.) 




2. In groups of two or three, discuss the cycle and try to determine how much of the total 
annual overage precipitation (32") should be listed (in inches) at each position. 



3. As a ctass. discuss the numbers that each group used for each part of the cycle and come 
to an agreement. Compare the class' numbers with the facts: 



Precipitation: 32" 
Fails on plants: 2"-3" 
Runoff: 3'-4' 
Infittratton: 26'-27" 
Evapotranspiration: 24"-25" 

4. Answer the following questions and statements. 

a. What three places might the precipitation go? (Fall on plants, runoff to lal<es and 
streams, or infiltrate the ground. These three should add up to 32".) 

b. Where might the water go that infiitrates the ground? (Stay temporarily as soil moisture, 
move down to groundwater, taken up by plants, or eventuolly go the the air through tran- 
spirortton and evaporation.) 

c. Where does groundwater go? (Although groundwater usually moves very slowly 
(inches or feet per day) It eventually discharges to surface water (lal<es and streams) or 
wells. Keep in mind that there is much more water underground than at the surface, 
although much of it may not be usable due to naturally high mineral content.) 

d. About what percentage of the total average annual precipitation (32") is groundwater 
1%. 7%. 1 5%. 25%. 50%? (7-8%. Because most lowons use groundwater for drin' t and 
business purposes, this is a very precious resource.) 
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0. What fraction of the total average annual precipitation (32") returns to the atmosphere 
as a result of evaporation and transpiration (evapotranspiration): 1 1 A. 1 12. 2/3, or 3/4? 
(3/4) 

f. Does any of the water in Iowa's water cycle leave the state or enter it from other states? 
(Yes). How? (Most of the water leaving Iowa is through the Mississippi or Missouri River 
systems. Air masses with clouds often move In from other states, however, because of 
Iowa's geologic features, most of Iowa's groundwater Is recharged by precipitation within 
the state and is discharged within the stote.) 

g. How much water Is *'lost" In the world's water cycle? (None.) 
Att«mc!flv«: 

Show the overhead, iov/a's Water Cycle, to the students and discuss It. 
Extensions: 

a. Write a poem or a song describing Iowa's water cycle. 

b. Develop a board or card game emphasizing Iowa's water cycle. 
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investigating ttie Porosity and Permeability of Sediments 

Earth Science 1 cluss period 



Quick SumiYKiry: 

Students will determine the porosity and permeablltty of some common sediments. 

Obi«ctiv«s: Upon completion, students will be able to: 

1. Define porosity and permeablltty. 

2. Calculate ttw perc^^ntage of pore space In several types of materials. 

3. Compare the porosity and permeability of several types of materials. 
*V Identify some variables that affect porosity and permeability. 

5, Generalize from their data about the relationship between particle size and shape and porosity 
ar.<J permeablltty. 

MoterJote For each team of 2-4 students: 400 ml beaker; 100 ml graduated cylinder; paper cups; 
thumbtack; strong tope (duct tope); nylon filter material (old pantyhose cut to size-slightly larger 
than the iDottom of a cup); water; sediment samples: pea gravel or aquarium gravel, sand, cloy or 
day-rich soil. soil, a mixture of each of the above. 

Printed/AV Materials: 

Student worksheet (2 pages) 

tAocher InformoHon: 

Iowa's surficial aquifers (alluvial, buried channel, drift) are composed of sediments such as sand 
and gravel. Porosity Is the ratio of the volume of pore spaces between particles to the toiai vol- 
ume of a saiTiple of material. In this Itwestlgntlon. students will be able to determine the porosity of 
several materials by using the following fonnulo: 

Porosity (%) » Volume of water/Volume of material X 100. 

Permeability is the ability of a material to transmit water. 

Sediments ore classified by the size of the grains. From smallest to largest they are: clay. silt. sand, 
and gravel. 

Clays and some clay-rich or organic soils can have very high porosities. Organic materials do not 
pack very closely because of their irregular shapes. 

Porositv Ranges for Sediments 



Well-sorted sand or gravel 25-60% 

Sand and gravel, rr^ixed 20-36% 

Glacial till 10-20% 

Slit 36-50% 

Clay 33-^ 



Procedure: 

1. Discuss porosity and permeability. (Refer to background information.) 

2. Divide the doss Into reams of 2-4 students, 

3. Hand out student worKshoets and materials and highlight any necessary directions. 

4. Ask students to predict the porosity and penmeablllty of each material before starting the Investi- 
gatton. 
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6. Have teams perform the Investigation. Depending on available time, teams may investigate all 
materials or each team may investigate one material and evaluate data compiled for the whole 
class. 

6. Discuss results and answers. 

a. Porosity Is the ratio of the volume of pore spaces between particles to the total volume of a 
sample of material. 

b. PermeobilllY Is the ablltty of a material to trar^mlt water. 

c. The bigger the particle, generally the greater the porosity and permeability. Generally, 
rounder particles will pack more tightly and have less porosity than particles of other shapes. 

d. Most porous: gravel (ttie mateflal ttxat had ttie most water to cover It.) 

e. Least porous: will depend on specific samples used-see teacher information. 

f. Most permeable: gravel (the fastest to drain) 

g. Least permeable: cloy 

h. Ylekj the most water: gravel 
I, Yield the least watem clay 

AltemoHve: Do the Investigation as a demonstration and have students answer the questions. 

Extensions: Students may wish to test other materials for porosity and 
permeablllty. Some students may wish to research the porosity and 

permecoillty of the aquifer beneath their local communities by contacting their local water treat- 
ment plant. 
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Investigoting the Porosity and Pemieability of Sediments 

Student Worksheet Name. 



Sstuc 

1. Punch 8-10 holes in the bottom of a paper cup with a thumbtaclc. Put a piece of duct tape over 
these holes on the outside of the cup. 

2. Put 0 piece of nylon material In the bottom of the cup for a filter. Measure and pour 200 ml of 
gravel Into a paper cup. Tap the cup gently to settle the particles. Record the 200 ml on your 
data table under the heading "Volume of material." Also record the name of the material (In this 
case/'gravel") In that column. 

PofQsttv 

3. Nextyou wi needto find how much water is needed to cover the gravel or other sediments P»/ 100 ml of 
water In ttie graduated cylinder and pourthe water slowly into the cup If 
more than 100 ml of water Is required to cover the material, refil the graduated cySnder and continue. 

4. Determir^e to the neorest ml how much water was added to the cup ar^d record the number on 
your data table under the heading "Volume of water." 

5. Use the following formula to calculate the porosity of each kind of material and record it under 
the heading "Porosity." 

Volume of water (ml) 

Porosity (%) » X 1 00 

Volume of material (mi) 

For example: 

100 ml 

Porosity (%)« — xl00«50% 

200 ml 

Permegbilltv 

6. Now add enough water to the cup to make a total of 200 mi. For example. If you used 100 mi to 
cover the gravel, add 100 ml more to make 200 ml. 

7. Several people cooperate in this step. One person holds the cup over the beaker and removes 
the tape on the bottom of the cup. Another person times how tong it takes for the 200 ml of water 
to drain out of the cup and into the beaker. Stop timing when the water begins to drip. Record 
the time under the heading "Amount of time". (NOTE: Clay may require too much time, so stop 
after a reasonable time.) Empty the cup ar»d beaker. 

RepMt 

3. Repeat steps 2-7 with the other materials (sand. clay. soil, mixture). 
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Data Table For Porosity and Permeability 

Student Worksheet p.2 



NAME OF 
MATERIAL 


VOLUME OF 
MATERIAL 


VOLUME OF WATER TO 
COVER THE MATERIAL 


POROSITY 
% 


AMOUNT OF TIME 
FOR WATER TO DRAIN 


1 










2 










3 










4 










5 











Answer thie following: 

a. Define porosity. / 



b. Define pemneobility. 



c. How does particle shape or size or bothi affect porosity? 



d. Whlcti material Is most porous? 

e. Wtiicti Is least porous? 

f. Whiich material is most permeable? 

g. \Nh\ch Is least permeable? 

hi. If an aquifer were made of thiese materials, whilch kind would yield ttie most water? 
I. Whichi would yield thie least water? 
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Investigating Porosity in Roclcs 

Earth Science 1 5 minute on one day and 

15 minutes several days later 

Quick Sunvnoy: Students will conduct an investigation to test tiow much water various types of roclc can 
obsoib. 

ObiedlvM: Uponcompletion.studentswttbeabieto: 

1 . Predfct which Wnd of comrrvxi rocks wi be rTKJst porous 
2 Gather data on the porosity of comrrwn rocks. 

3. DifTerentiote between porous rocks arid noriporous rocks. 

4. Generofee from their data whch Wnds of common rocis are most porous and would make good or poor 
aquifers. 

5. Identify several varkalDles ttxjt may influerTce porosity. 

Materials: Fa each team of 2-4 students: Several egg-sized or smaller pieces of various kinds of common 
rocks, such as sandstone, shale, limestone, granite, (students may also luring samples from their own sur- 
rourdings); water: 3 or 4 beakers or other containers; bokance. 

Printed/AV Materials: 

Student worksheet 

Teoctier Informotior): 

See backgrour>d intormatton at tt^e Iseginning this unit. 

•••SAFETY"* If any samples of rocks need to be broken, supply safety goggles. 

Procedure: 

). Review porosity. (Refer to background inforrrKition at the beginning of this unit.) 

2. Dlvkje the class into teams of 2-4 students. 

3. Hand out student worksheets and materials and outlne any necessary 

directkDns. Try to get at least 4 types of common rocks, and have students in each team work with about 
equal sizes of each rock type. 

4. Have students in each team predict which rocks wil be most paous and which wil be least porous before 
beginning the measuring process. 

5. It rnay require several days for water to enter the pore spaces in some rocks, so the investigatk^ ma/ 
havetobee»dended. 

6. Discuss results and answers. 

a. Answersmoy vary, but sandstone probably will be most porous. 

b. Answers wl vary. iDut shaki probably wiH be least porous. 

c. Answers will vary for yielding ihe most water. 

d. Answers v/ill vary for yiefcling the least water. 

e. Cracks or fractures in t^ie rocks ae important factors which would increase tfie porosity. 

f. Factors that couW influence the porosity of rocks wiH vary. Examples include: cementation, size of 
lock, time soaking, shape particle, ske of pores, etc. 
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A!t<Hncritv«: 

Do the Investigation as a demonstration. 



Extansion: 

Students could Investigate ttie porosity of ottier kinds of rocks that are not as common, suchi as kx«/a. obskit- 
lon, gneiss* marble, gypsum, coal, etc. , to compare tt^r potential use as an aquifer. 



Investigating Porosity in Rocl(s 

Shjdent Worksheet Name . 

1 . Measure and record the nxass of cl the pieces of eoch kind of rock. 

2 Pkxie ttie sarnples of each rock type h seporate beakers orKj label the beo^ 

type, fty example, put several pieces of sandstone in a beaker, several pieces of imestone in another 

beaker, etc 

3. Put enough water In each beaker to cover the saiTiples. 

4. Let ttie rocks soak in tt^e water for several days. 

5. Remove t^ie rocks from t1"ie water, dry ttiem, and measure and recad ttie mass of each sample of each 
kind of rock. 

6. Record the difference between ttie mass before soaWr^ and moss after soaking. 
Data Table for Investigatirig Porosity in Rocks 



KIND OF ROCK 


MASS BEFORE 
SOAKING 


MASS AFTER 
SOAKING 


DIFFERENCE 


1 








2 








3 








4 









Answer ttie following. 

a. Whteh kind of rock tested was most porous? 

b. Whteh kind of rock tested was least porous? 

c. If an aquifer were rrxxJe of orie ttiese rocks, which Wrxj would yiekj tt^ rno^ 

d. Which woutel yield the least water? 

e. How v«xjkj cracks or fractures in ttie rocks off eci porosis 

f . kjentify several factors or variables that coutel influence the porosity of different kinds of rocks. 
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Constructing a Groundwater Model 

Earth Science 1 class period 

Quidc SuiYVYKiy: Students wiH construct a groundwater model, analyze tx>w it works, and infer how a real 
aquifer wcfks. 

ObjedlviM: Upon corrpletlon, students wiO be able to: 
1 . Ccnstiuct a groLTKiwater model 

2! Relcrt© the dWerer* parts of the aquifer model to the IVm of water thr^^ 

3. Ara(y2B how frielr rncdel oquiffer stores and transports water. 

4. Infdr how a red oquifer works. 

5. Compare and corkjst pocojs and norporous. perTT)eabte and Inrp^^ 

6. Discover how a pumped water well and artesian system work. 

Moterioic Rx each group of 3^ students: groundwater modol; fine- to rriediurTi-slzed aquarium gravel, 
foam or other impermeable material' water paper cups; grocioted cyinden pumps from lotion or some 
Simla product; plastte straws; strong tope (duct tope). 

T«ach«r Information: 

See background hforruation at the beginning of this unit and In Appendix A. GREAT Ways to Use the 
Groindwater Model 

Procedure: 

1. CoBect materials for the fTKXiel Aquortum gravel works wen because it is clean. Ifquairysondagrovelis 
used, be sure to flush water ttvough it severd times to remove fkxjting "debris" so the model will not get so 
messy. 

2. Divide students Into groups of 3-5. 

3. Hand out student wori<sheets and materials and outline any necessary directions. 

4. After students experiment with the groundwater models, discuss their results and answers. 

a. The gravel aquifer is most potxxjs and most peimeabte. 

b. The foam corifinirig layer is least porous and nnost impermeable. 

c. The water table lowers as water is pumped out of the aquifer. 

d. Water must be added d the same (or faster) rate as vy^jter is being pumped out of the aquifer in oraer 
for the water table to renrwin at (a above) the some level 

e. The model hod to be tipped so the straw was lower ttxn the water table to make water flow out of the 
drinking straw, creating an orteskan Wei 

AifemciKves: 

1. DothecctMtyasademonstratkxx 

2 Steps 2-^ on the student v^«Drt<sheet may be einriincted by doing th^ 
permeoblltyeD^nent. This elminates the need to start with dry grave! eacn time. 

Ext0nsk>ns: 

1 . Obtain a mop of the local aquifer from the Geological Survey Bureau. (See Appendix J.) 
Locate c.iy wells that ae in the local area on it. Locate and visit any orteskan wells in the area. 

2. Write a newspaper article about the groundwater and aquifer under your tocal community. 

3. Produce 0 vWeo CT sikje set ctoout groundwater in you cornniunlty a fc^ 

A. Design and moke a bumper stkdcer that increases ttie pubic awareness of grandv/oter and grouKtwoter 
contamlrxitlon. 



Constructing c Groundwater Model 

student woksheet 



Name. 



1 . Set up the groundwater 
modelasstiowa 



POUR WATER HERE 




2. Set a cup at ttie end to catcti woter coming out of thie txDie. Pour water (be ready to measure ttiis) into the 
rrxxjel until it begirsdrairAxJ from ltietx)le. Put a piece of tape over tiTelxste. One person can use a nonper- 
rrxiner^ fTKiker to draw on tt« side ttie patfi of water as it fl^ 

water table. Record tt^ amount of water added. ml 

3. UfTtapattie hole end let ttie water drah and coTTTpaiettTearT^^ 

Measure and record ttie amount of water drained from ttie model ml 

4. How doestt« orrxxjnt coleded compae witti the arr)ount poued 

5. Puttapeoverttie hole again Pour in rrKste water ur^tt^ water table is above tt« level of the bottom of 
thepjmp Pump some vwater out of the acMfef. Expeiimerity/lth putting in water (rechoiging the aquifer) 
fester than v»A3ter is being purriped out. slfTiul^^ Record your observations: 

6. Experimeritwith pumping vA3ter out of ttTeaqujferfastertt>anwaterfe in, simulating drought condi- 
tions. Record your observations: 



7. Add v«3terurW it Isjust below ttie bottom of ttiedrinldng straw. Experiment wtlhttie position of the model 
to rnckev^jter flow out of ttie drlnWrg straw without pumping to simulate an artesian wel 
Obseive and record your results: 



8. Clean up and retun ecMpment. 

9. Answer ttiefolowing: 

a. Which material Is most porous? 

b. Which material is least porous?. 



Permeable?. 

Impermeable?_ 



c. What happens to ttie le^/el of tt>e water tolDle vvhen water is pumped oU of the aqutf^ 

d Wtv3t rrxjst tx3ppen for the woter table to rerrxjin at a above ttie sorTTie le^^ 
of the aquifer? 
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e. Flow dWttTe position of ttierT)odel have to be ctxrged to mal<©wate^^ l^^ame 
and deflr© ttib t/pe of wel 



-30 



4l> 



Where's the Water? Investigating Iowa's Aquifers 



Earth Science 1 5-20 minutes 

Quick Summary: 

students will label a simplified cross-section of Iowa along Highway 20 allowing the aquifers and 
confining layers and use it to answer interpretive questions. 

Obl«ctlvM: Upon completion, students will be able to: 

1. Distinguish between the major aquifers available to lowans. 

2. Interpret a cross-section showing Iowa's major aquifers. 

Materials: 

Colored pencils 

Printed/AV Materials: 
Ov«rh0ad: Iowa's Major Aquifers 
Worksheets: Iowa's Major Aquifers 
Investigating Iowa's Aquifers 

Teacher Information: 

The simplified cross-section Is not to scale. Also refer to the hydrogeology background information. 
Procedure: 

1 . Have students complete the worksheet. 

2. Use the overhead on Iowa's Major Aquifers to discuss their answers. 

a. Students should see the tilting and great depth of the layers. Answers will vary. 

b. Iowa's six major aquifers from the surface downward are: surficlal. Dakota (Cretaceous), 
MIsslsslpplap. ?"'jrlan-Devonk3n , Cambrian-Ordovlclan (Jordan), and Dresbach. 

c. Confining layers are Impermeable layers that confine the water In an aquifer. 

d. Aquifers used by the following cities are: 

Pictured Also Used 

Sioux City: Dakota alluvial aquifer 

Fort Dodge: Jordan Silurian-Devonian & Misslppian 

Iowa Palls: Mlssissipplan 

Waterloo-Cedar Falls: alluvial aquifer Silurian-Devonian 

Dubuque: Dresbach Cambrlan-Ordovician 

e. The depth of the wells, to the nearest number printed on the diagram, are: 
Sioux City: 300' 
Fort Dodge: 2.250' 
Iowa Falls: 200' 
Waterloo-Cedar Falls: 100' 
Dubuque: 1.750' 

f. Waterioo/Cedar Fall's well Is most susceptible to contamination by people because it is the 
closest to the surface. 

g. Fort Dodge's well is most likely to have problems with dissolved minerals because it Is the 
deepest; therefore, the water has had more time to dissolve minerals from the bedrock. There are. 
however, exceptions to this generality. You may want to take this opportunity to outline major 
types of water treatment whteh are described In the background Information for this unit. 
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Altomcrtiv«: 

Show the overhead "Iowa's Nrijor Aquifers." Have students discuss it. 
Extensions: 

1 . Students may obtain a record of the layers in their own community by visiting the local water 
department. They may want to research what type of aquifer their town well taps, Its depth, how 
much water Is pumped In a minute/day/year, the water quality and/or what treatment methods 
are used. 

2. Write on editorial for the local newspaper about groundwater in your community. 

3. Design and produce a pamphlet about groundwater In Iowa or your local community. 

4. Draw o cartoo*^ character and produce a comic strip or editorial cartoon about groundwater 
in Iowa. 




Investigating iowa's Aquifers 

student Worksheet Name. 



1 . On ttie cHogram of icmo's Major Aquifers label thie tayers of rock in order from ttie surface to ttie bottom of 
the cross sectkxi: A: SurfickJi Aquifer; B: Dokota (Cretaceous) Aquifer); C: Confining Layer; D: Mississippian 
Aquifen E: Confining Layer; F: Silurta^Devonlan Aquifen G: Confining Layer; H: CambrlanOrdovlcian Aqui- 
fer gordan); I: Confining Layer; J: Dresbach Aquifer; K: Precambrian Basement Rock (mostly Igneous and 
metorrxDrpNc). 

2. Use colored pencils to cdor tt^ aquifers different colors. Do not color confining layers. 

3. Answer or discuss ttie following: 

a. Descrtoe ttTe arrangement end stKipe of ttTe layers shown. 



b. List Iowa's six major aquifers from the surface downward. 



c. What ae confining layers and what is ttTeirfurx:^kxi? 



d. Cities often get their water ttom several sources. The diagram shows one of ttie wells for each city. Name 
the aquifer shown from which each of ttie fotowing cities pump their water. 

SiouxClty: Waterkx)-Cedar Falls: 

Ft. Dodge: DOxjque: 

Iowa Foils: » 

e. Use the scale on the left margin to estimate the depth of the wells at these communities: 
SiouxClty: Waterkx>Cedar Falls: 

Ft. Dodge: DUxjque: 
iowa Falls: 

f . Accocdhg to the diagram, wt^ city's wel might be rTK«t suscepttole to contamination from people's 
activities? Why? 



g. Water ttx:it has been in bedrock a kjng time often has many dissolved minerals in it. Although it is not a 
health hazard, ttiis water may need softening or ottw treatment to Improve Its taste, odor, or color. Accord- 
ing to the diagram , which well is most likely to have the biggest problem with dissolved minerals? Why? 
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IOWA'S MAJOR AQUIFERS - worksheet 





o ... IOWA'S MAJOR AQUIFERS - overhead 
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Investigating Water Use in iowa 



Earth/UtQ Science 1/2 class period 

Quick Summay: ShxJents wi use a map of Iowa showing the total estimated water use (surface and 
groundwater) in 1985 and a pie graph of water use categories to answer questions. 

Obladlvit: Upon completion, students wi be able to: 
1 . R^nrxiote conclusions on data about water use. 
2 Interpret a map shc^vlng water use In Iowa 
3. Discuss oHicaly the rekatlonship between surfa^ 
4.0©' mine how much water Is being used In their county. 
5. Compare water use In various courtties In Iowa. 

Materials: 

Colored pencils. 

Print^/AV Materials: 

Teacher background: Table 1-5. Estimated total water u.«!e (2 pages) 

Figure 1-5. Estimated total consumptive water use by category 
Overhead: Estimated total water use by category In 1 985 (answers) 
Worksheets: Investigating Water Use In Iowa 

Estimated total water use by category in 1985 

Teacher InformoHon: « 

Most lowans depend on groundwater fa drinking orxl many business uses. During 1985. a total of 1 XjIOXXX) 
miiongotonsCMgaO of water was estlTTKited to have been withdraw Power generation for 

electilcltyaccourTted tor 66% of the totd withdrawals, neorty oil of It from ^ Nearty80%ofthe 
surtbcewaterusedlntowawasbypowergeneratlonplantsonthebofderriver^ About3%ofttTewaierused 
for cooing pijposeshtheimoeiectite power pkaTts was estimcrted to The 
oiher97% was returned to the rlveis The worksheet shows tt« estlrrxjted total water use by county and by 
category. 

Total consumptive use y«3S estimated to be 1 78 JOOO MgaL Consumptive water use is considered to be that 
port of tt. ^ y«3ter withdravwi ttiat Is no longer ovoibbie for tuti/e use. See Figure 1-5 for the percentages of 
consLmptlve water use by category. 

The water used for Ivestock and Wgotion was considered to be 1(X]% consurr^ and accounted for 49% of 
the esthxjted total coreumptlve water use. More ttxjn two thirds cf Iowa's irrigation v^rtthdrowob occurred in 
ttie counties atong tt)e western border. 

Dornestlcusersy/ereestimatedtoconsume40%ofy/lthdrawals. Ttie public water supply category is the 
second targest use of water In Iowa This category includes cities, towns, mobile home pari<s. housing 
ossoclatkXB, and rural v^erassoctatk)ns. Self-supplied domestic Includes water used for househoW activi- 
ties such as drlnldng.ftoodpreparatkX!, washing, and v/c^ About 26% of Iowa's population uses 
self-suppled v^er. 

Commeick3landlndustrldcor^urr.ptlv©usev^estirnatedtobea^ Self-suppled 
industry used v»«3ter for manUdcturing. processing, washing, conveying, condenser cooing, air conditioning, 
ondsonltattoa Although not indudpxjh these figures, pubic vy/ater supples pro^/^ 
industries' water needs, A few mcja users accounted for rrvast of the vy«3terv«rav»«3^ 
hdustrki category. The self-suppled corrirmdd category includes hotels and other lodgT^ 
ttond and omusement services, educatlond Institutions, hospitals and governmental agencies. 

The v«3ter <xxttUfT>ed for miriing processes Is negligible. 

l^ofer dso to the t?,<lrcgeok)gy background and Appendix D. Water Quantity Considerations in Iowa 
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Proc«dur«: 

1. Hav©shxjentscorripletettTeNvofksheets. N/kxe time sh<xjld be spent Hefpretirg the map hlh^ 
than coloring the counties. Hcr/e students use ttieskje of tt^cokxedpencSlecrircrtherttx^ 
moke ttie coloring process more efficient. 

2. Discuss answers. 

0) After pov/er generation, the next three highest water usees are ubic water suppHers. self-supplied 
Industrial. and Ivestock. (YoumaywarTttotokethisopportunltytocorTiparethesetotdwIthdr^ 
consunpllve water use by category shown in Rgure h5.) 

(3)aAnsw*/erswi vary about the pattern of Iowa's water use. For example, the most use occurs dcng 
the border rivers and In highly poiDulated areas. Rural areas such as souflvcentral Iowa use the least. 

b. Differences In counties' water usage ore due to differences in population, sites of power 
plants, presence of industries or livestock yards, whether irrlgotton is needed, and other munlci- 
pol or commercial uses. 

c. Refer to ttxj map to find how rrKiny mlWon galons of groundwater your county used in 1985. 

d. Black Hawk Courity used ttTernost groundwater in 1986. 

e. Davis County ' ied the least groundwater In 1985. Most of the groundwater used in this county was fa 
rural homes (sei^-suppHed domestk:). and agricultural uses. 

f . Woodbury County used the iTWSt water (combined surface and groundwater); kigely due to power 
generatton (96%). publk: water suppBes (2%). Industrial (1%), irrigatton (1%), and livestock (9.5%). 

Attemcriiv«: 

StXM/ttie map of k>Ma as an overtiead and discuss it. 
Extensions: 

1. Sluderite may be able to obtain tt« data about v^er use for their own corrvn^ 

to ttieoveral number. Interview a person in your k>:d water treatrnent plant arid preserittt^ 
class. 

2. Students can see how much their household uses per day by checking their water meter or 
water bill. 
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Table 1-5. Estimated total water use 

(All values are In million gallons.-value less than 0.01 million gallons.) 



HATER USE CATEGORY 



County 


Africultucal 


Ralf'-auppliad 
doniaatic 


Salf-ruppliad 
comsarcial 


Salf'auppliad 
indua trial 


Irrigation 


Mining 


Powar 


watar 

aupply 


Total 


Ad»ir 


7*5 


150 


-- 






40.2 


~ - 


175 


1,110 


AdaM 


39* 


90.6 


— 




— 


51.1 




110 


654 




912 


256 




117 






73,200 


453 


74,000 


Appanoott 


303 


266 








21.9 




1,170 


1,760 


Audubon 


706 


124 




— 


36.5 


54.0 


~ - 


164 


1,000 


Btnton 


730 


299 






22.0 


7.4 




510 


1,610 


BlAck Bti«k 


460 


270 


3.670 


3,440 


100 


2,760 


205 


6,240 


17,300 


Boono 


460 


266 


3.7 




7.3 


*" ~ 




061 


1,600 




««5 


292 


3.7 


20.2 


65.7 


210 


"" 


675 


1,730 


Buchanan 


705 


332 


130 


47.5 


36.5 


146 




537 


2,020 


Buana Viata 


750 


190 


— 




00.6 


14.6 




1, 700 


2,760 


ButLar 


070 


230 


475 




04.9 


040 


"" ~ 


350 


2,600 


Calhoun 


U7 


146 






54.0 


3.7 


"* "* 


321 


943 


Carroll 


1,120 


212 


01.3 


237 


60.4 


202 




712 


2,730 


Caaa 


624 


1S7 






100 


205 




520 


1,710 


Qadar 


702 


256 


-- 


11.0 


3.7 


50.4 




300 


1,520 


Carro Oordo 


ht7 


245 


— 


11.0 


102 


1,310 


— 


2,100 


4,400 


Charokaa 


001 


179 


3.7 




20.2 


04.0 




697 


1,600 


Chickaaan 


5^0 


226 




76.7 


205 


14.6 




400 


1,550 


Clarka 


320 


124 








36.5 


— 


295 


705 


Clay 


471 


160 


— 


04.0 


202 


25.6 


20.2 


504 


1,650 


Clayton 


1,300 


336 




103 




14.6 




370 


2,200 


Clinton 


010 


332 




4,440 


32.0 


102 


54,500 


2,000 


62,300 


Crawford 


074 


230 




237 


69.4 


60.4 




697 


2,200 


Dallaa 


350 


310 


62.1 


2i;d 


165 


25.6 


— 


1,260 


2,300 


Davia 


420 


193 






51.2 




— 


62.1 


726 


Dacatur 


370 


142 








54.0 


— 


161 


734 


Dalawara 


1,720 


325 




— 


3.7 


21.0 




396 


2,470 


Daa Moinaa 


303 


332 




10.3 


65.7 


347 


43,500 


1,940 


40,500 


Dickinaon 


302 


153 






"■ 


7.3 




705 


1,310 


Dubuqua 


1,440 


606 


204 


5,120 


25.6 


16.3 


17,700 


3, 110 


20,300 


Ennat 


277 


U3 


11.0 


11.0 


54.0 


25.6 


"" 


• 301 


003 


Fayatta 


1,070 


:i07 


11.0 


47.5 


76.7 


516 




602 


2,630 


Floyd 


304 


212 


21.9 


774 


130 


3.7 




701 


2, 220 


Franklin 


554 


170 


*" " 




117 


424 




234 


1,510 


Franont 


200 


117 


1,420 


40.2 


756 






223 


2, 060 


Graana 


376 


131 




•> — 


241 


73.0 




303 


1,200 


Grundy 


520 


106 




~ — 




"** 




266 


001 


Guthria 


555 


153 






00.4 


"* " 


• ** 


303 


1,000 


Hanilton 


505 


146 


130 


7.3 


25.6 


562 




465 


1,070 


Hancock 


511 


106 


51.1 


160 


102 


172 




303 


1,400 


Hardin 


022 


215 




500 


43 . 0 






01 J 


t tun 


Harriaon 


402 


210 






3,630 


332 




445 


5,030 


Hanry 


402 


215 








14.6 




504 


1,300 


Howard 


500 


172 






14.7 


646 




103 


1,520 


Hunboldt 


204 


120 






20.2 


020 


005 


205 


2,630 


Ida 


640 


110 


3.7 




32.9 


69.4 




245 


1,110 


Iowa 


005 


256 


11.0 


106 


47.5 


7.3 




10,700 


12,100 


Jackaon 


003 


310 




21.0 


14.7 


76.7 




307 


1,020 


Jaapar 


025 


367 






139 


367 




1,440 


3,100 



Table h5. Estimated total water use (cont) 

(AH values are In mitlbn gallons;-value less than 0.01 million gallons.) 



HATER USE CATEGORY 



Public- 

AgriouLtural StiLf-auppLiad S«l£-«upplli»d 8aLf-«uppLiftd Irrigation Mining Pcmar watar Totcl 
County doMttic couMroiaL induatri^L cuppLx 
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Jafferion 


^17 


166 






62.1 


551 


Johnson 


967 


460 


204 


7.3 


32.0 


1,070 


Jonoo 


8S3 


261 




197 


14.7 


25.6 


K«okuk 


676 


175 






7.3 


139 


Koaauth 


0^3 


202 




292 


110 


40.2 


Laa 


613 


400 


3.7 


44,600 


166 


362 


Linn 


333 


704 




1,960 


130 


205 


Louiaa 


26^ 


107 




126 


311 


25.6 


Lucaa 


232 


146 


7.3 








Lyon 


621 


103 






310 


7.3 


Hadiaon 


322 


212 




— 


32.0 


56.3 


Mahaaka 


003 


277 


40.2 




34.0 


496 


Marion 


666 


202 


463 




32.0 


317 


MarahalL 


320 


261 


270 




23.6 


1,430 


Milla 


321 


161 






713 




MitehalL 


62^ 


166 






124 


95.0 


Honona 


460 


146 


73.0 




6,730 


54.6 


Honroa 


402 


130 




31.1 




14.7 


HontgoMry 


443 


124 




*- 




11*0 


Huacatina 


437 


343 




4,140 


436 


657 


O'Brian 


661 


172 






69.4 


365 


OaoaoLa 


417 


117 






347 


62.1 


Paga 


610 


161 






216 


135 


Palo Alto 


464 


143 






663 


157 


Pj.]mK>uth 


1,370 


321 




— 


432 


215 


Pooahontaa 


443 


164 






29.2 


16.3 


Polk 


103 


730 


31.2 


270 


239 


690 


Pott«%9attaaiia 


666 


326 


3,060 


323 


646 


135 


Powaahiak 


733 


204 


• - 


• " 


22.0 


274 


Ringgold 


463 


106 






14.7 




Sao 


636 


166 




» - 


179 


96.6 


Scott 


336 


307 


11*0 


299 


25.6 


511 


snaj nv 


61B 


103 




29.2 


5B.5 


69*4 


oiOU ' 


1 ^ OA 
i| / 0U 


930 




21.9 


1,360 


135 


Story 


306 


241 


OB. 6 


91.3 


153 


632 


Tana 


666 


236 


391 


626 






Taylor 


474 


117 








/ . J 


Union 


427 


131 








11.0 


Van Butan 


376 


166 




11.0 




262 


Hapallo 


336 


202 




14.6 






Warran 


462 


463 


29.2 




76.7 




Haahington 


033 


243 






14.7 


131 


Hayna 


430 


130 


7.3 








Habatar 


417 


310 




650 


56.5 


464 


Winnabago 


262 


124 


01.3 




60.4 




Hinncahiak 


1,230 


343 




16.3 


22.0 


47.5 


Woodbury 


1,040 


246 


316 


2,040 


2,420 


110 


Worth 


206 


146 






73.0 


673 


Wright 
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133 
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62,700 
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13,900 
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292 


1,490 
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1,260 
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7.760 


164 
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322 
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311 


2,010 


193 


1,140 
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1,990 


799 


3 , 160 


230 


667 


14,300 


16,100 


3,350 


162,000 
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1,650 


512 


1,120 


372 


1,600 


7,160 


13,300 


456 


1,620 


1, 170 


4,630 


3,570 


5,360 


442 


2,400 


I/O 


/ /D 


412 


961 


131 


966 


1,650 


3,860 


613 


1,690 


49. 


1,3^0 


139 


715 
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3,970 


460 


1,020 


496 


2,160 


4,420 


201,000 


139 


1,440 
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1,570 


126,000 


1,010,000 
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EXPLANATION 



1.520 SURFACE-WATER USE IN MILLION GALLONS 
1.320 GROUND-WATER USE IN MILLION GALLONS 



ANSWERS 



X > 4000 Mgal Groundwater 
# < 700 Mgal Groundwater 



Overhead — Estimated total water use by county in 1985 
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Investigating Water Use in Iowa 

student Worksheet 



Name. 




7.1% Self-supplied industrial 
^ 2.3% Self-supplied domestic 
)j — 1 .4% Self-supplied commercial 



1 2.7% Public w<jter suppliers 



Estimated Total Water Use By Category 



1 . Refer to t\e pie graphi above. Pcm& generation wlttidraws ttie most water of any category in Iowa, 
However, 97% of ttiis water is returned to rivers for future use. What are the next tinree highest water use 
categories (in order)? 



2 Refer to Ihe tTKip of Iowa shov»/ing water use in each county. 

a. Color the counties yetow that used more than 4000 Mgal of goundwater (the bottom number) in 1 985. 

b. Color ttie counties green that used less than 700 Mgal of groundwater in 1 985. 

3. Answer ttTG fbllov>/irTg 

a. Describe the arrangement or pattern of water use in Icwa. 

b. Why are there such great differences in water usage from county to county? 



c. How many million galons of goundwater did your county use in 1985? 

d. Which county used the most groundwater in 1985? 

e. Which county used ttie least groundwater in 1985? 

How was most of the groundwater probably used in this county? 

f. Compare the groundvvater use to surface water use. Which courrfy uses the most water (combined 
SLiface OTKl groundwater)? 



Why do you suppose Its water use is so high? 
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EXPLANATION 
SURFACE-WATER USE IN MILLION GALLONS 



1.320 GROUND-WATER USE IN MILLION GALLONS 



Worksheet — Eatlmoted total wotcr use by county in 1985 



Unit il. CHEM 




Figure 11-2. Agricultural use of pesticides 
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Figure 11-3. Urban use of fertilizers and pesticides 




II. CHgM- Fertilizers And Pesticides 

Upon completion, students wiil be able to: 

1. Describe the current use and benefits of using nitrogen fertiiizers and pesticides. 

2. Anaiyze trends in ag-chemical use and the presence of ag-chennicals in groundwater over the 
post 40 yeors. 

3. Describe health effects of drinking water contaminated with nitrates or pesticides. 

4. Evaluate practices that could reduce the amount of ag-chemicals in groundwater and save 
money and efiergy. 

5. Compare the agricultural and urban use of fertilizers and pesticides. 



BACKGPQUND INFORMATION 

The routine use of agricultural chemicals on 60% of Iowa's land has resulted in increased contaml- 
natton of shallow groundwater resources. This problem is not like pollution from hazardous waste 
sites or dumps which ger^erally come from tocal. identlfkable sites, or point sources. Although 
nitrates arxj pesticides can contaminate groundwater from a single point source (such as *rom spite, aban- 
doned wells, agricultural drainage wells or sinkholes). Iowa studies show that individual on-site prob- 
lems ploy a minor role. Ag-chemicals affect such broad areas that cleanup is impossible. The only 
efficient way to deal with these diffuse, nonpoint source pollution problems is prevention. 

Although most contamination is now found in shallow aquifers, ft is possible that deep aquifers 
could also become contaminated. Because ag-chemicals have been used extensively for only 
about twenty years, there has not been enough time for them to reach some of the deeper 
aquifers. 



Iowa Research 



Ongoing groundwater studies in Iowa have become nattonally recog- 
nized. The Big Spring Basin, a 100 square-mile site in northeast Iowa near 
Elkader. offers a unique opportunity as an outdoor laboratory. Neariy 
all of the groundwater from the basin comes out at the Big Spring. 
Therefore, the amount of groundwater and chemteois moving through 
the region con be measured. Also, oil of the basin's land use is agricul- 
tural, and the results are not complicated by other sources, such as municipal or industrial wastes. 
The Big Spring Basin is not unique, however, in Its severity of contamination. Ag-chemicals are con- 
taminating groundwater throughout Iowa and much of the country. 



Groirdwoter 
contamincitionisa 
draining prolDlem. 



Erwgy Cortsktorotions 

Reducing the use of fertilizers and pestteides has many benefits for energy conservation. Natural 
gas is used in the production of nitrogen fertilizers, and pesticWes are mode from petroleum-based 
products. Much energy is used in producing, packaging, transporting and applying agricultural 
chemicals. Less tractor fuel is used with fewer ag-chemteal applications . 

The costs of energy and energy-consumptive materials such as fertilizers and pesticides ore the 
largest non-land variable costs in grain productton in Iowa. Tillage, harvest and grain dr/ing proce- 
dures account for the greatest on-fon- f energy consumption. However, fertilizer (from production 
through applteation) accounts for the largest single component of energy consumption in groin 
prc^uction. amounting to 36 to 40 percent of direct energy used. Tillage operations account for 



12 to 15 percent and pesticides for 5 tolO percent of energy consumed. In relation to production 
costs, fertilizer accounts for approximately 20 percent , fuel 1 8 percent, and pesticides 5 to 1 0 
percent of non-land costs. 

A variety of practices con be used to reduce energy costs of fertilizer and pesticide use. Even 
now, for example, it Is reasonable to expect that we can reduce fertilizer-nitrogen losses by 10 to 20 
percent, resulting in savings of at least an equivalent of 25 to 50 million gallons of diesel fuel. 

NHrotes 

While private fdrm wells are the most susceptible to nitrate probierrw, public water supplies also are 
affected. In 1987 about 50 of Iowa's 2000 public v/oter supplies exceeded the maximum contami- 
nant limit for nitrate In drlnklr>g water. Many others have had to blend water from different sources 
In order to meet health standards. 

Data from the Big Spring Basin show that nitrates in groundwater tKive increosed in direct propor- 
tion to ttie increased us3 of nitrogen (t«0 fertUizers. Ihls trend is seen throughout the state where 28% 
of all samples tested by the University Hygienic Laboratory exceeded the maximum contaminant 
level for pubHc water supplies. In northwest Iowa, however, 40 to 70% of the samples exceeded this 
limit. Potential sources of nitrogen in groundwater (and their relative contributions) are shown In 
Figure 11-4. Commercial fertilizers supply much more nitrogen to groundwater than municipal 
sludge. rrKrue. septic tanks, legumes, or roinfal. This increase Is fUtherrrKagnifled by the fact ttX3tcomfT»^^ 
cid f^rtfeer is used on more aaes tt^ ottier sources of nitrogen. 

Between 1/3 and 1/2 or N-fertllzerappled to crops is lost. This loss is substantial -amounting to about $200 
mioninlowaannualy. Alttxxjghnotolofttilslostf&rttogoestogrourKiwater.over-applk^^ 
has been a si gnific a nt economic loss to lowan& 

Iowa's econorriic loss from excessive use of conrirrierdd fertifiz^ 

considered. Iowa irriportsneariy clef lis energy wt^hrrieansttxstrTiHoris of 

yea. Using less fertiladr results In less eriergy used in monufocturlng. Because natural gas Is used In the 

production of nitrogen fertfei8r.tt^rxxiief>swable energy source can be cor^ Also, with fewer opplco- 

tlons of fertilizer, lessfuel Is used by tractors. 

Short-teim (acute) twdtt hazards from rtitrates in drinkirg water ore restricted to "blue bob/ syndrome 
(mettiemogblsinemiq). This affects yourginfonts whose fbimulas are piepared with 
drinking water. Nitrates cause a reaction which reduces the bkx5d's ability to carry ox /gen whfoh 
causes the baby's skin to turn blue. This disease. If undiagnosed, can be fatal, but is ec sily cor- 
rected once identified. 

Long-ttnn (cfwonic) effects of nitrate in drinking water ore less well-understood. Experimentol studies with 
k3txratoiyanirTxis hove suggested rekstkxd^ between nitrate mutatlorsin 
eels, certain cancers, and birth defects. 

Note: lt»e maximum contaminant level for nitrates in publk; water supp-es may be expressed In 
two ways: 

-45 mg/l NO, (total nitrate) or 

-10 mg/l NOj-N (nitrogen in nitrate). 

Also, mimgrarm per liter (mg/D is the same as parts per million (ppm). 

Pestickles 

Pestteldes are chemteols used to destroy, control or repel unwanted piartts or animals. Pestteides 
iTJClucle herbteides (to kill weeds) and Insecticides (to kill Insects) as weH as chemteols to control 
fungi, rodents and algae. 
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The of pesticides control both plant and 
animal pests has Increased greatly In the past few 
decades. Iowa" uses more pesticides than anv other 
itgtd in the country. While losses of pesticides to 
groundwoter are small In comparison to nitrate loss, 
the financial loss still cmounts to several million dollars 
annually. Of potentially greater concern ere the 
health effects which may be associated with long- 
term exposure to small quantities of pesticides In drinking water. Also unl<nown are the synergistic 
effects of several pesticides. 



Each day Americans produce 
4 million pounds of pesticide; 
2.7 million pounds a day is 
spread on this country. 



Pesticidtt contamination Is present In many shallow wells and some municipal wells. At least 72% of 
the state's population consumes low concentrations of pesticides In their drinldng water at some 
time during the year. By far the greatest risl< Is stxared by farmers and commercial wori<ers who 
supenrise and apply these chemicals. Current programs provide education and certification for 
these wori<ers to assure that pesticides ore managed and applied In the safest possible ways. 

longer-term effects of exposure to low levels of pesticides in ground^v*/atef ore not so cleariy understood. 
Studtes hiave suggested potential linte between pesticide exposure and tSie following: 

-cancer 
-genetic effects 
-birth defects 
-Infertility 

More research is certolnfy called for to darify tf>e long-tejm effects of thiese ;^v«^^"nlca^s, Meanwhile, because 
tfiese dtemlcals are made to kil Mng things, common sense suggests itxat exposure to any pesticide should 
be as limited as possible. 



Agricuituroi vs. Urbon Use 



Urban households use only 2% ">f the pestlckjes used In Iowa, although the urban application 
frequency may be greater. The greatest risk in urban areas may be due to direct contact with 
pesticides by children and pets In lawns where sprays hove not dried thoroughly. Another problem 
Is that homeowners ore generally the least prepared to use pesticides. Farmers and ccmmerclai 
lawn core applicators must be licensed to use some pes-tlcides. and they receive annual training. 



Best Moncgoment Practices 

Refer to the Information sheet after the references. 
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Bost Moncgemont Prac1ice$ 

Information Sheet 



In addition to protecting groundviratGr from contamination, best management practices must consider several 
other factcR. including: economics, soil erosion, labor use. risk, level and skill of the manager, and govern- 
ment ptograms. There is no simple answer ttxrt will solve the problem for all farms. It vM take a combinatbn 
of practices taflored to each form. 

1. Some Ways to Reduco Use of Commercial Nitrogen Fertilizer and Maximize Profit 

A. Set reaiblic yield goals based on county soli sun^eys. By setting yield goals based on how 
much each soil b able to produce Instead of what a farmer hopes for. less fertilizer will be 
wasted. Both the type of soil and amount of erosion affect crop yields. Soli sun/eys are avail- 
able In the Soil Consen/atton Service (SCS) office in each county.* 

B. Credtt ottier sources of nitrogen, such as manure, legumes (bean crops and forages like 
alfalfa that have been used in crop rotation) and sewage sludges. When these contributions 
are considered, less commercial fertilizer is needed. For example, a corn crop planted after 
alfalfa may need no extra fertilizer* 

C. Do not apply nitrogen fertilizer In the fall. Formers often like to put fertilizer on the fields in the 
fall In case it is too wet to apply It in time In the spring. However, much of the fall-applied 
nitrogen often leaches away from the pkants betore it can be used. (If nitrogen is applied long 
before the crops can use it, applying It in ammonium forms, such as anhydrous ammonia, con 
help reduce losses. Because ammonium fertilizers tend stick to clay particles in the soil, the 
risk of leaching is reduced.) 

D. SIdedress nitrogen (instead of preplont). By putting the nitrogen along the side of each row 
after the pkJnts have come up. less is needed than when nitrogen is spread on the whole field 
before cr^f^ are ptanted. It is available when the plants need it. and where they need it-only 
otong IK . iow Instead of spread over the whole field. However, there are energy costs in 
having to make another trip over the fields. 

•(For actuol recommendatkDns for amounts of nitrogen, refer to the following publications 
available from Iowa Cooperative ExtenskDn Sen/ice, Iowa State University. Ames. Iowa 50010: 
(1) Best Management Practices to Improve Groundwater Quality In Iowa. (2) Establishing Realis- 
tic Yield Goals (Pitv1268). (3) Crop Rotottons: Effect on Yields and Response to Nitrogen (Pm- 
905). and (4) Animal Manure: A Source of Crop Nutrients (Pm-1 164). 

f ^ \ 
•Clean forming, to be sure, aspires to rebuikJ the soil, but it employs to this end only imported 
pkants. animals and fertilizers. It sees no need for the native flora and fauna that built 
the son in the first ptace. Can stability be synthesized out of imported plants and 
animals? Is fertility that comes in socks sufficient? These are the questions at issue." 

Aido Leopold 

2. Some Ways to Protect Groundwater from Pesticides anci Maximize Profit 

A. Reduce pesticide use and nonpoint pollution. Putting less pesticides on flelds mear^s less 
chemicals will move through the soil and into groundwater. Using less pesticide also means 
saving money. Some farmers are finding they can make a bigger profit with less chemical 
applk:ation and with the same or slightly smaller yields. ■Nonpoint" means that the pollution 
does not come from only one source but is from a wkjespread area. 
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1. Bond pMflcktos. Applying pesticides in a narrow band along a row uses less chemical 
than broadcasting it over a whole field. This also puts the chemical where It Is needed most 
and works well with a ridg j till system. 

2. Ridge tiN. This method of farming involves making a ridge of soil for each row of crops. 
Pe$tk:kjes placed in a band on top of the ridge may be less susceptible to leaching and 
more available for decomposing. 

3. CuttivalA wMds on lavel ground. Tearing up weeds In between the rows (cultivation) 
often works wen alone or with banding pesticWes. However, this is not a good alternative 
on stopes where erosion could be a problem. 

4. Rotcrt* crops. Changing crops from year to year results in better Insect, weed, and 
disease control. Ottier benefits Include Improved soil, supply of legume nitrogen for other 
crops, better water infiltration and less eroston, less economk: risk due to diversity and better 
labor dbtributton. Rotations best control pests that must li' ^ in a specific plant and cannot 
go dormant for a lor>g time. 

5. Check (or pests. Integrated Pest Management (IPM) scouting techniques can be used 
to see what kind of "bugs' are In the field and if there are enough to warrant paying for 
pesttoides. Then pestteides are only used If needed. 

6. CoHbroto sprayers accurately. To avokj wasting pesticides and to apply them evenly, 
calculotkjns must be mode carefijily for thir^ like flow rate of the sprayer nozzle, ground 
spaed of applk:atk>n equipment, and amounts of pestk:kje and water. 

7. Read and (oliow lobe! directions. This Involves finding the right product to use In the right 
pk3ce and at the proper rate. Groundwater warning statements are required on labels of 
pestlckJes that have been frequently found in groundwater. These products are moder- 
ately soluble In water and do not stick to soil very well. The kabel wams against using them 
on sandy soils when the groundwater Is close to the surface. Products which have ground- 
water label warnings Include atrazlne. Bladex. Princep. Lexone/Sencor. Lasso. Furadan. 
Temik. and Tordon. 

B. Control pollution ttirougti direct routes. To prevent chemicals fi-cm going directly Into wells, 
ag-dralnage welis or sinkholes, careful handling and other practices are needed. 

1. Use onti-backsiphon devices. Backsiphoning can occur when filling sprayers or when 
applying chemteois through irrigatton systems. If the chemicJ fkjw Is accidently reversed. It 
con go directly into the aquifer and never be t^ .ally removed. 

2. Construct dikes ond pads. These are required for bulk storage of pesticides and fertilizers 
and/or whiere pesficides are mixed and loaded (which includes most commerckjl pesticide 
dealers and custom applk:ators and some farmers). They are recommended for all farms 
to prevent spills and rinsate from contaminating groundwater and to allow reuse of the 
spilled product. 

3. Do not mix or store chemicals near wells. 

4. Dispose of pesficides and containers safely. Empty pestk^kJe containers should be triple 
rinsed and taken to a sonltary kandfill. Rinsate shoukj be applied to fields. Rinsate and extra 
pesttekJes stToukj not just be dumped on the ground, especially neor wells. 

5. Gross filter strips around sinktioies or ag-dralnage wells can trap pestteldes to reduce 
contamlTKJtlon of groundwater. Sin, 'ar strips along field edges can prevent surface water 
contamlnatkjn. 
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3. Urban Agilchemlcal Us« (Best Management Practices, continued) 

(from 'Cutting Back on Pesticlcies and Fertilizers: What You Can Do," .inumal of Freshwater 1986. 

page 32) 

A. Prevent WMds and Posts 

1 . The most effective way to control weeds in your lawn is to develop a dense grass cover. 
The way you mow and water your lawn will affect the number of weeds in your yard. 

2. Soaking your soil occastonally to a depth of 4-6 inches will result in deep-rooted grass. 

3. To control weeds, mow grass carefully but leave grass as high as three inches or more. 
Grass left high wHI keep weeds and crobgross out by robbing them of sunlight. 

4. Never cut more than one-third of the total length of the grass at one time. 
6. To avoid household pests, remove food and water sources from your home. 

6. Avokj leaky faucets and standing water in trays under houseplants. which can attract 
pests. 

7. Keep fkjur. cereals and grains in tightly sealed plastic or glass containers. 

B. Considef Safer Alternatives 

1. Instead of using pestteides In your garden, consider hand-picking pests from plants, or 
spray with warm soapy water to wash insects off plants. 

2. To keep pests away from your plants, surround them with "collars" made of stiff paper, 
heavy pkistic or tar paper. 

3. To protect seedlngs from chewing Insects, use fine netting such as cheesecloth. 

4. Alternatives to Insect sprays include fly swatters, flypaper and window screens. 

5. Use boric ackj to control cockroaches, which ore often resistant to pesticides. 

6. Remove orvd destroy insect and rodent nests. 

7. Use caulk to seal cracks and crevices. 

8. When mowing, leave the clippings on the gross. Clippings odd nutrients to the soil, 
serving os a natural fertilizer. 

C. Buy witti Care 

1. Choose the least-toxic product that will achieve the results you wont, and buy only as 
much as you need. 

2. Contact a University Extenston Sen/ice or the Department of Agriculture for more infor- 
matkjn about specific products. 

3. Avokd buying pesticide and fertilizer combinations. You probably don't need all of the 
chemicals in the mixture. 

4. Before purchasing pestteides, determine what kind of pest Is causing the problem and 
buy the appropriate chemteol. An hertDteide that will kill dandelions probably will be 
Ineffective against crobgross. 

6. If you decide to hire a kawn core company, encourage the company to use chemicai- 
free pest control measures and the least-toxic products available. 

0. Use CtHKnicalt Safely: More is Not Better 

1 . For pestteteJes. folkjw the directions on the label and do not overopply. 

2. Apply pestteides only where pests can be seen. 

3. Limit hertDtelde use to weedy areas of your iown, 

4. For fertilizers, have your soil tested to determine which nutrients are lacking, and fertilize 
according to test recommendations. 

5. If possible, tDuy and use only k5W-phosphorus fertilizers. 

6. Water your lawn after fertilizing, but do not allow the water to run into the street - it 
eventually gets into the water. 

7. Do not apply fertilizer near lakes orxj streams. 

8. Never apply fertilizer on frozen ground. 

9. Whien fertilizing a new seeding work the fertilizer Into the soil during seedbed prepara- 
tion. 
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E. Um Up L«ftov«r Ch«micats 

1 . Using up leftover chemicals Is the safest way to dispose of them. 

2. If you can't uf 3 them up, give them to someone who can. 

3. Make sure you dispose of leftover pesticides properly. Do not throw pesticides Into the 
trash, bum them or dump them on the ground or down a drain. 

4. Bring leftover chemicals to a household hazardous waste collection site If your commu- 
nity has one. Otherwise, store the pesticide In a clearly labeled, sealed and secure 
container until your community holds a collection. 
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Nitrates in Iowa's Groundwater 



Earth/Life Science 1 Class Period 

Quick SunYnoiy-. Students will test water for nitrates, Inteipret graphs about nitrate contamination and 
discuss thie problem of nitrates In Iowa's grourtdwater. 

Objectives: Upon completion, students wil be able to; 

1. Analyze ta >dsh nitrogen fertilizer use crdttie preserve of nitrates in grourKlwater over tt^epo^ 
years. 

Mderiois: None 
Printed/AV Materids: 

Information: Drinldng Water Analysis from Hygienic Labaotory 
Worlcsheets: Nitrate Testing 

Nitrates in ttie Big Spring Basin Study 
Oveiliead: Map of Higt^lTKiAdence of Nitrate CorTtomination 

Procedure: 

1 . Find out wtiat ttie nitrate levels ae for various local sources of drinldng water (aicti as the school, munici- 
pal water, and private wels) by using one of ttie folowing mettxxls, and txave students com plete tt>e Nitrate 
Testing worl<sheet. 

0. Hove students test different sources of drinl<irg water for nitrates. Simple Hach kits can be obtained 
from some AEA's or purctKsed from Hach Cliemical Company. 

b. Use ttie Request Fa a Water Sampling Kit form on a fblbwing page to have the University Hygienic 
Laboratory pefform ttie water test. 

c. Obtain data from yocr locd county extension office a water treatmertt plant. 
Answers: 

a. (depends on test results) 

b. No, If test is less than 45 ppm NOjCor 10 ppm NO3 -N). If it is more than 45 ppm, infants under 
six months old could become **blue babies" (a condition called methemoglobinemia). A 
baby's stomach chemistry Is different because It does not eat solid foods. That allows bacteria 
to be In the stomach that can change nitrate to nitrite which prevents the blood from picl<ing 
up oxygen to carry to the body. Thus the iDoby's sl<in turns blue, just as if it couldn't breathe. 

c. No, nitrate occurs naturally in clean water, but It does become dangerous in large amounts. 
However, some other chemicals (like lead) are toxic even in small amounts. 

d. The nitrates not used k>y ttTe com plants, dissolve in the water, and con run off with rain or melting 
snow, or soak Into ttie ground. 

e. #2. Dry spring week is best. Most of the fertilizer oppjlled in thefoii is lost by the time crops are 
planted and ready to use it. Wet weather coufcl carry some of the nitrate away t>efofe i* :ouid be used by 
the com plants. 

2. Hove students complete the Nitrates in the Big Spring Basin Study worksheet and discuss the an- 
swers. 

a. Nitrates in groundwater have increased dranKrficaly overtt^ past twenty years. 
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b. Nitrogen fertilizers are the probable source of the r^ltrate cor^tamir^atior^ in the groundwater 
because the slopes of the increase In fertilizer use and the increase In nitrate levels are very 
similar. The slope of the manure line shows relatively little variation by comparison. Refer also to 
Figure 11-4 in the unit background information. 

c. Sorr^r^ltrote was present in the grouTKjwaterdurir^ years before the cornmon This 
filtrate is probably from ttie soi, legumes, and manure. Alttxxjgh manure rxjt ttie primary cause of the 
total nitrale contomirKirion, it does contribute to the problem. 

d. This question leads students to tt>er>ext activities in tt* unit. Fa specific ways to reduce nitrate 
contamlrjotlon of thie groundwater, refer to best management practices in the unit back- 
ground information. 

3. Discuss and review the nitrate contamination problem In \cmo. including benefits of uslr>g nitrate fertilizers 
arxjt^ealth effects of riitrates in dfinldng water. (Refer to tt^ unit backgrourxl information.) Usetheover- 
h»ead: N/kap of High indder^^ of Nitrate Cortamirxjtlon to di^ The 
mop shows how widespreod nitrate contamination Is in Iowa and shows some areas with severe 
problems. Note that this data is for private wells that ore less than 100 feet deep. There ore many 
factors which affect nitrate levels in groundwater, but the most likely explanations for concentra- 
tions in norttTwest and southern Iowa ore the types of wells and the surficioi geology. Most of the 
wells in this area ore shallow wells (often in alluvial aquifers). Also the soil in this area is a type which 
allows water-soluble nitrates to leach through more easily. 

Extensions: 

1. Show ttie lost txjlf of the 60minUw\'kdeo tape. Riders of the m, which features nitrate probierm in 
Iowa and Nebraska. Ghe first holf disajsses rxxipoint pollution ^jrobiems in Chesapeake Bay.) This can be 
ordered for a small loan fee from Soil arxJ Water Conservation Society, 7515 N.E. Ankeny Road, Ankeny , 
Iowa 50021. (515)289-2331. 

2. Find newspaper articles about local water quality problems. 
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Privcta wall ownors can protad thair drinking watar 
supply by parforming a routlna malntananca cnack on 
tha watar aystam and corracting any structural dalads 
that may allow surfaca or shallow subsurf aca contami* 
nation to antar. Assistanca may ba availabia from 
county haalth dapaitmants, axtansion sarvicas and 
raputabia walldrillars. Part of tha routlna malntananca 
chad( should include a yearly watar tast lor coliform 
bacteria and nitrates. 



Two Primary Tests for Drinking 
Water Safety 

Conform bacteria are a group of microorganisms that are 
normally found In the intestinal tract of humans and other 
warm*bKX)dad animals and in surface water. The pres- 
ence of coliforms in a drinking water supply indicates 
contamination from surface or shallow subsurface sources 
such aa barnyard runoff, septic or cesspool leakage or 
other source. The presence of coliform bacteria also 
suggests that disease-causing (pathogank^) organisms 
may enter the drinking water supply In the same manner 
if preventive actk)n is not taken. Drinking water should ba 
free of coliforms. The coliform test is easily performed in a 
certiflad laboratory and is a reliable indicator of bacterial 
contamination. 

NHrataa, whan Ingested In suffk:lent amounts, pose a 
heahh risk to Infants under six months of age by reducing 
the oxygen«carrying capacity of the bk)od. The resulting 
life-threatening disease is called ''blue baby* syndrome c 
methemogbbinemla. Nitrate concentratk>ns exceeding 
tfte drinking water standard of 45 ma/L (as NO^) are 
generally tn Indk^tion of contamlnatton from such sources 
IS sewage disposal systems, anim. 1 manure, or nitrogen 
fertilizers, and are mere likely to occur in shaltow wells 
which are poorly kx:at6d, constructed or maintained. At 
concentrations between 45 and 100 mg/L there may be 
aome increased risk of methemogbbinemia. A significant 
risk exists when nitrate levels exceed 100 mg/L and 
alternative water sources shoukJ be used for infant con- 
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sumptbn. Boiling the water will concentrate the nitrate 
present thus increasingXhe dangerto infants. (Ref: la. Tox. 
Advis. Comm. 11/85) 

Other Tests for Water Quality 

Iron, hardness and Iron bacteria levels In waterprimarily 
affect the aesthetic, rather than health-related, quality of 
water. Iron concentratbns above 0.3 mg/L and iron bacter- 
ia can cause staining of plumbing fixtures and laundry. The 
hardness level is significant if water softening is being 
considered. High levels of any of thf^se three parameters 
may resuH in the depositbn of material on the inskie of 
pipes, thereby gradually constricting and reducing the f k)W 
of water where pipe replacement may be necessary. 

The Hygienic Laboratory offers other analyses on an 
indivkJual basis. If you have need for a specif analysis not 
mentioned here, please contact the Laboratory (319/335- 
4500) forinformatk>n. 



Send for Water Sampling Kit 

If you wish to have your water tested, please fill out the 
form, detach and mall to the Hyglenk: Laboratory, 
University of Iowa. Oakdale Hall, Iowa City, lA 52242. 
Instructions for collecting the sample, the appropriate 
laboratory report form and the current laboratory 
analytical rates will be included Inthe water sampling 
kit. 



Request For Water Sampling Kit 

1. We MUST know if your water supply is continuously 
treated with chlorine, bromine, or iodine in order to send 
you the appropriate container(s). 

PLEASE CHECK THE APPn^PRIATE BOX: 

The water supply □ is □ is not CONTINUOUSLY 
treated with chk)rine» bromine or k>dine. 

2. TESTS DESIRED: 

Drinking Water Safety Analyses 

Coliform Bacteria □ 

Nitrate (Infant Consumption)... □ 

Miscellaneous Anatyset 

Iron a Hardness □ Iron Bacteria O 

3. Number of water supplies to be tested 

(Maximum three) 



FOR OTHER TESTS NOT MENTIONED HERE, OR IF 
MORE THAN THREE CONTAINERS ARE NEEDED, 
CONTACT THE LABORATORY FOR INFORMATION 



4. Send sampling contd!ner(s) to: 
Name 



Address 



City/State/Zip, 



Phone Number C 
Comments 



lestlrHJ of privafe drinking wafer for farm chemicals Is relatively expensive and usually nof necessory unless a splH or bacl<-slpliorrfng accidenf lias occurred af or near 
tf^o weH site. Under normal circumsfances, tesfing for coliform bacferia and nitrafes are recommended wlilcli will provide a good Indication of drinking wafer safety. 
If coliform bacteria and nltrato ore not present, ottier surface or shallow sub-surface materials, such as farm chemicals, are not likely to be present in the supply, 

If you wish to have your water supply tested for a specific pesticide or for the coliform and nitrate tests, please contact the Hygienic Laboratory for the proper 
c D?r^^°''^^^^' collection procedure and current fees. 



Nitrate Testing 

student Worksheet 



Name. 



(0. l-0.3)-clean. natural water 

(IHTKiy contribute to dense 
^rowt icfdgoelnporxjs 



(45)-fiazardcus for infants to drink 



10 



15 20 25 30 35 40 46 50 55 ppm 



a. Rndttie nitrate level for your water sample. Circle the number on ttie above scale tfxit comes closest to 
your results. 

b. According to your results, would ttiis water make babies sick? 



c. Look at trie nitrate scale. Is nitrate poisonous in tiny amounts of less ttxjn 1 ppm? 



d. Farmere often put nltrogervenriched f^eer on com crops to rielp ttie com grow, "mis ctvanges into 
nitrate wtTk:ti dissolves easily In water. How could fertilzing cornfields affect tTie nitrate level in ponds, 
streams, or undergrourKl water whteti is trie source of drinking water from wells? 



e. CIrcte ttv^ condttton for applying fertiSser wTiicti would contribute tTie least to nitrate poUution. 

1. wet spring week 

2. dryspringweek 

3. wet fdl week 

4. dfyfalweek 



7 
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Nitrates in the Big Spring Basin Study 

Student Worksheet 



Name. 



TTie Big Spring Basin is an important study area In our state. Specloi geologic conditions tTOve resulted in c 
region wtTlch can eoslyord accurately be studied. The grourvdwatarquaMyhias been monitored for rnany 
years in this area. On the attached page, you wiH find three graphs showing part of the study 
data. Lool< over the three graphs carefully and then answer the following questions: 

a. Hew have nitrate levels in groundwater ctKinged over the lost twenty years? 



b. Sources of nitrate in groundwater irxjiude: commerciai fertlfeer. municipal sludge, legume crops, animal 
wastes, soil organic matter, septic tanks and rainfall. On the basis of ttie graphs, which source do you thinl< 
hids caused ttie nitrate levels in ttie grourdwater to rise? 

Explain your answer. 



c. Why was nitrate present in the ground- 
water even when very little nitrogen fertilizer 
was used (1960 to 1970)? 



d. Suggest two ways that we might begin 
to go about reducing the amount of nitrate 
contamination in the Big Spring Basin 
groundwater. 




Nitrate Levels in Groundwater 





F. :> Map of High Incidence of Nitrate Contamination Overliearf 

(Data source: R. Splinter. University Hygienic Laboratory; from 13.625 weils less than 100 feet deep) 

# % % 



Understanding Pesticide Use and Contamii u ition 

EarthAlfe Science 1 Class Period 

Quidc Summay: Sfudents consult some tcibles to answer questions related to pesticide use and cor^tamlna- 
tion. and use a groundwater rrxxj^ to stxjw how ag<;t^lcab ca^ 

ObjocHvo: Upon completion, students wa be abie to: 

1. Describe th»e current use. benefits arid groundwater contamination status of pesticides. 
2 Coirpar© ttie agricultud and uftxr use or pestte 

Mgferiais: For eacti small group of students: groundwater model and supplies (Refer to ApperKJIx A. Fig. 2) 

Prinfed/AV Materiais: 

Wo(t<sheet (2poges) 

Procedure: 

Have studerits use tt^ groundwater rnodel to derrxxTstratecontamirK^ (Refer 
to Figure 2 In Appendix A. Great Ways to Use tt^ Groundwater Model.) 
After students txjve completed ttie wofkstieet. discuss ttie following answers. 

I . Atrazlne arxi Lasso ore Ihe two most commonly used hierblcides for corn. In 1986, 72% of oil 
pesticide detections in Iowa groundwater were atrazine. 

2 Serxja or Lexone is thie most commonly used tierbicide for soybearis. 

3. Five C tt>e pesticides in ttie table txjve exceeded EPA health odvisory levels at least once: Atrazine, 
Lasso, Bladex, Dud. and Counter. However, most detections are not above health advisory levels. 

4. Agfcutturd areas use more pesticides because row crops cov'erc^^ In 1985, 
about 97% of the com and soybean acreage (over 21 million acres) received at least one applica- 
tion of a herbicide, and insecticides were applied to about 43% of all com acres. However, 88% of 
all com-following-com acreage was treated with an insecticide to control corn rootworm or black 
cutworm. 

6. Ttie farmer would lose 28 bustieis of soybeans per acre due to the Pigweed. 
(50 bu/ocr© - 22 bu/ocre = 28 bu/aae) 

6. The farmer would probably kill aH the soybeans. 

7. Lcsso; Dud; Sercor-Lexone; Trefkan; or Basogron could hiove been used. 

8. Six fbxtalperfbotwoukJ reduce a yield from 91 bu/ocre to 81 bu/ocre. 

9. Yes,itwasagooddecisk3n. Spraying cost $16 peracrearKl resulted In an Increased yield of 10 bu/ocre 
which coukd be sold d $240 per bushel for a Increased income (after spraying) cf $8 per acre. 

10. iheforrrier could cultivate between the rows end/or band the pesticide ol^ 

I I. No. (Dne ptant/foot yields 85 bushels/acre. (91-85) bushels/acre X $2.40/bushel = $14.40/acte. 
Mae was spertt for spraying ($ 1 6/acre) than was received In haeased yield ($ 14.4C/acre). 

AltemoKve: 

Teachers may vwsh to prepare overheads of the data tables oxl figures and prci^ 
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Extensions: 

Rnd out what pesticides are used by locci farmers on their fields - particularly any fields visible from 
school. 

Have a local ag-extonslon person visit to discuss certification requirements and procedures for irxitviducis 

y/ho wish to apply ttia^ cwn pesHddes. 

Collect ard study labels from products sow fa use In hofTie 

Get Materials Safely Data Sheets for all pesticides used on the school grounds. The head of buildings and 
grour>ds>vould have access to ttiese forms. 
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Understanding Pesticide Use and Contamination 

SKxJentWofteheet Name 



PesHdctes are chemicals we use to kil unwanted plants and animals on croplands and at home. Pesticides 
used to 1(11 plants are also called hertjlcides. Pesticides which kill insect pests are called Insectteides. 



In thb odh/tty. yai w« use a colectlon of tables and figures to help you answer questions about pesticide use 
Inlovt/a 



Table 1 

Corrvrion PestkDfcJes Used In tt^ Com Belt (from Minnnesota Dept. of Agriculture. 1 985) 


Cherricdi Home 


TtodeNome 


Percentage of Crops 
Receiving Pesticide 


Maximum | 
Concentration 
Found in Iowa 
Groundwater * (ppb) 


EPA Heoltli 
Advisories 
(ppb) 






Corn Soybeans 




Atiazine 

Aiachlor 

Cyanazine 

Metolachlor 

Butylcrte 

Metrlbuzin 

Triflurilon 

BentCBon 


Lasso 
Bladex 
Dual 
Suton 

Sencor-Lexone 

Treflon 

Basogron 


57% 

43% 36% 
24% 

22% 14% 
20% 

60% 
45% 
20% 


19.0 
70.0 
13.0 
200.0 

.10 
6.84 

.2 
0.0 


3 

0.4 

10 
100 
700 
200 

2 

20 


Chlorpyrifos 
Fonofos 
Terufos 
CotxAjcrj 


Dursban-Lorsban 
Dyfonate 
Counter 
Fufodon 


14% 
12% 
12% 
06% 


.03 
.9 
12.0 
1.2 


unknown 
10 
1 

40 


•fromDNRdata.Sstudles 1982-88 



1. What aettie two most commonly used herbicides for co(Ti? 

2. Wtxat is the most commonly used herbtefcle for soybear^? 

3. How many of the abo^ pestddes. found in Iowa's groundwater, have been detected over the EPA health 
advisory level at least once? 



Figure A. Compaison of Urt>an 
and Agricutturai Pesticide Usage 
in Iowa (from Iowa Groundwater 
Protection Strategy. 1987) 




Estimated Urtxin 
Pesticide Use 



4. Six tIfTies as many people live in urban areas of Iowa as Hve in ruol (or agricultural) areas. Which uses 
more pestcides? Urban Agricultural Why? 



11-23 



Table 3* Changes in Soybean Yield from Pigweed 




Bushels per Acre 


No Pigweed 


50 


1 Plant/Foot 


35 


2 Plants /Foot 


25 


4 Plants /Foot 


22 


32 Plants /Foot 


14 



• trofYi Cixx) Chemlccte- Furxiarnentals of 
Macl-iTe Operation. John Deere Techni- 
cal Services 



5. Pigweed is a big problem In soytjeanfleldi How much less in soybean yield would result if a field was 
fourxj to have four pigweed plants per foot of row? 

6. A faimer mode a mistal<©arKj sprayed the sovt)eans with Aotrex. What do you think happened? 

7. Name a chemical that should have been used on the soybeans. 



Table 2 * Changes in Com Yield from Foxtail 




Bushels per Acre 


No Foxtail 


91 


1 Rant/ 2 Feet 


86 


1 Plant /Foot 


85 


6 Plants /Foot 


81 


12 Plants /Foot 


76 



• from Crop Chennlcals- Rjndamentals of 
fvlachhe Operation, .lohn Desre Techni- 
cal Sen/ices 



8. Foxtail is a problem in com. A farmer uses a herbicide which Idlls foxtail. A small area was not sprayed 
and has six foxtaH per foot of row. The faimer had a yield of 91 buchels per acre in ttie sprayed part of the 
field. What was thie yield Intt^ unsproyed portion? 

9. If spraying cost $16 per acre and corn sold at $2.40 per bushel, was the decision to spray 0 good 
based on Immedate costs)? 



Explain your answer. 



10. If other factors (such as long-term costs for health core and groundwater qualty) were considefed. the 
faimer may have chosen on attemative to spraying n\e fbxtol. Describe at least one attemative 



1 1. If or>ly onefoxtal per foot of row were found in ttie alDOve example would spraying pesticides be a good 
economic dedskxi? 




s 



-24 



Choices & Chances 



Earth/Life Science 1 class period 

Quicfc Summciy: Sfixjents use a game boafd and score sheet to take chances and make choices about 
ftaming practices. The ot^ of the game is to get the fewest total negatt/e points fa groundwater quality 
and energy corfie«vatton wNle maintaining a profit (a positive score fa former's money). 

ObitcHve: Upon completton. students wil be able ta 
1. ENADluatepfadlcesthorfcouldreducettieanrKxritof.a 
er^ergy. 

Matefictis: Dice (for each team of 3-4 students), scissors 

Printed/AV Materials: 

Score sl-jeet 
Answer sheet 

Woiksheet/Oveihead: Gorrie board (fa each small group) 

infoimaHon sheet: Best Management Procttees (from unit background Information-optionaD 
Procedure: 

1 . Have students work In teams of 3-4 students. Distribute one game board sheet and dice to 
each team. The tractor on the game board sheet should be cut out to use as a ploying piece to 
mark the position on the board (one per gome). Distribute one score sheet to each person. 

2. Explain the object of Ihe game and drecttors (see score sheet), and let students play. 

3. When thiey have reached tfie end. distribute scae sheets fa students to tolly their results. 

4. Discuss the choices that successful farmers made, and the effect of different chances. Discuss 
the difference between high yIeWs and high profits. (By reducing Input expenses like chemicals 
and tractor fuel, a farmer can make more money from the same size yields or slightly smaller yields.) 

Alternative: 

Use ttie gcrne boaid OS on overtTead and hove the whole ck3ss play one game, wtth 
either lndlvklK3l a teoi n scae sheets. 

Extensions: 

1 . Discuss the effects of ttie choices on other factors, such as the farmer's time and labor, surface water 
quality a soil erosk^n. 
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Choices & Chances 

Score Sheet 

Object of the Gome: 

To get the fewest totd negative points for groundwatef quofity end energy consefvotioii whie maintaining a 
profl* (0 positive score for farmer's money). 



Directions: 

1. Put tt^e tractor marker on ttte start space. 
2 Ever/or>e moves one space at a time. 

3. On a chance jquore.rolttie dee to see wtiicli selection to check Then proceed to 
tt^n6xtst..oce. 

4. On a choice jquow.ct^ckycur selection on ttie score street. Remember you are trying to maintain a 
pTDftt with the least tvarrrifU effects on grourxjwaterqudity (Youvy/il 
firvd out the effects of you ctx)ices on rTiorTey.giourKjVN^ Then proceed to the next 
space. 

5. At the end. get an answer sheet to ts3td your scores. Fill in the scores for each of ttie three cdumns for 
your ctxjices and dTonces. If ttiere is a negative score for tt)e Farmer's N1or>ey. you lose. IfttTereisa 
positive score for tt« Farmer's Money, you con be considered for ttie winner-ttie fewest totd negative points 
for gpfxjndwder qualty and energy conservation. 



Abbreviations: 
$ » Farmer's Money 
GW" Groundwater Qualty 
E « Energy Conservation 



Oxnce#l Generd Expenses 

1 2: Land & Equlpme'Tt-land payment due and mqja ecMpment must be purchased 

3 A Land & operating exper>ses 

Sjb: Operating expenses: 



Chdce#l FdlPlow 

a. Yes 

b. No 



Choice #2 Fall Fertilizer 

a. Yes 

b. No 



Chance #2 Weattw-^wlnter 

Odd:Snov>/y S/ 

Even: Dry winter 



Effects 



GW 
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Chance #3 Advertising 

Odd: Yes-Saw the pesticide commercials on TV during ttie basketball tournament, 
so stocked up on chemicals for the year and ended up with more than you 
needed. 

Even: No-Went to Ihe basketbal tournament & missed tfie pesticide commercials 
on TV so didn't buy chemteals at this time. 

Choice #3 TBage 

a. No-till 

b. l^teJgetill 

c. Tracttlonal plowirTg 

Choice #4 Planting 

a. Continuous com 

b. Com/soybeans rotation 

c. Com/oats/alfalfa rotation 

Choice#6Fertillzers 

a. Extra-put on recommefxled amourtt plus a little more for safe measure 

b. High yted-pcri on recommended anrKxnt for high yieldi 

c. Credlls-put on less than the recommended amount, giving credit for nitrogen 
from legumes; (must have chosen soyt)eans or alfalfa rotation in dioice #4). 

dNone 

Choice #6 Hertr^iddes 

a. Broadcast-spray over whole fiekj 

b. Band-along rows 

c. Spray wt>ere r^eeded-checklng for weeds first 
dNohebicides 

CtXiice #7 Insecticides 

a. Broadcast-spray over whole ftefcl 

b. Bcnd-akDng rows 

c. Spray wtiere needed-checking for inject pests first 

d. No Insecticides 
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gffecfs 
GW 



Chance #4 Handling 

Odd.' Your operator left the water hose in the liquid In tt^e mixing tank vA\er\ Vr\e 
water was shut off, causing pesticides to back-siphon straight into tt^e weil. 

Even: Your operator mixed chemicals carefully away from the well without 
spilling or back-siphoning. 



Chance #5 Wfeather 

1 Z Heavy rdns-soon after chemkxjl applcatkDn, washing chemlcals into ttie soil 
or off the fleids. leaving no pesticides or f ertillzefs 

ZA Average rains-good crop yield expected 

6 A Drought-poor crop yield expected 



Choice#8 Cultivation 

a. Yes 

b. No 



Chance #6 Pests 

1 2: Com bug plague-condHions were right for the terrible eatummup bug 
3^: Slight infestation 

No bugs-yaj're lucky this time 

Chance #7 Weeds 

1 2: Heavy weed pressure 

3 A. Moderate weed pressure 

5,6: Few weeds-you're lucky this time 

Chance #8 Crop Prices 
U: Great 

ZAOK 

5.6: Poor 

Han/est OJse answer st^t to complete.) 



Total 
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Choices ft Chances 

Answer Sheet 

Abbrovlations: 

$ = Farmer's Money 
GW» Groundwater Quolty 
E = Energy Conservation 



Nde: negative $ scores indicate input 
costs, positive $ scaes indicate relative 
effects on yields 





Qxnc8#l General Expenses 

1 2: Lord & Equlprnent-larxl payment due ard rrxajor equipment must be purchased 
3/4: Land & operating expenses 
5;6: Operating expenses: 

Choice #1 FalPlow 

a. Yes 

b. No 

Choice #2 Fall Fertilizer 

a. Yes 

b. No 

Chance #2 Weather-winter 

Odd Snowy -if applied fertiilzer 
-If no fertilizer 

Even: Dry winter 

Chance #3 Advertising 

Odd: Yes-Saw ttTe pesticide commercials on TV during tfie basketball tournament, 
so stocked up on ctwiicals for ttie year, and erded up vvlth rrxxe than you need^ 
Even: No-Went to ihe basketbal tournament & missed the pesticide commerctals 
on TV so didn't buy chemicals at this time. 

Choice #3 Tlloge 
aNo-tlll 

b. RkjgetUI 

c. TrQd}tky>d plowing 

Chotee #4 Planting (will affect later scores) 

a. Continuous com 

b. Com/scvbeans rotation 

c. Com/oats/dfblfd rotation 

Ctiotee #5 Fertilizers 

a. Extra-put on recommended amount plus a Itttie more for safe measure 

b. HlQ^ yield-put on recornrriendedarrxxrit for high yields 

c. Credits-put on less ttxan tfie starxlard amourTt, giving credit for nitrogen from 
legumes; (must have chosen soybeans or alfalfa rotation in dx)lce #4). 
dNone 

Ctx)ice #6 Herbicides 

a. Broodcast-spray over whole field 

b. Bartd-okxig rows 

c. Sptoy where needed-checking for weeds fitst 

d. Noherbk:Ajes 



Effed 


jS 


9 


GW 


E 








-6 






-0 






-1 


0 


-1 


0 


0 


0 


-1 


-1 


-1 


0 


0 


0 


n 




0 


\) 


n 
u 


0 


0 


0 


0 


-1 


-1 


-1 


0 


0 


0 


0 


0 


0 


-1 


0 


-1 


.1 


n 

\J 


-1 


0 


.a 


-3 


-2 


-2 


-2 


-1 


-1 


-1 


0 


0 


0 


-2 


-2 


-2 


-1 


-1 


-1 


-1 


-1 


-1 


0 


0 


0 
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Choice #7 InsecticJctes 


Effed 




$ 


GW 


e 


a. Broodcost'-spfay over whole flekd 


-2 


-2 


-2 




-1 


-1 


-1 


c. Spray vwhere needed-checking for insects first 


-1 


-1 


-1 


dNoirtsecticides 


0 


0 


0 


ChcrceiMHandhg 








Odd: Your opeiatof left the water hose in the liquid in the mixing tc^ 








water was shut off, causing pesticides to bacl<-slphon straight into the weil. 








-If any pesticides chosen earlier 


- 1 


-y 


-1 


—if no Desticides cliosen earlier 


0 


0 


0 


Even: operator mixed chemicals carefully away from the well, without spilling 








or baci<-siphoning. 


0 


0 


0 


Chance #5 Weather 








1 2: Heavy rains-soon after chemical application, washing chemicals into 








the soli oroff the fields. leavirKi no pesticides or fertilizers 


+1 


-1 


0 


ZA; Average rains-good crop yield expected 


+2 


0 


0 


5 A I>ought-poor crop yield expected 


+1 


0 


0 


Choice #8 Culth/otion 








a. Yes 


-1 


0 


-1 


b.No 


0 


0 


0 


Chance #6 f*ests 








1 Z Com bug piogue-condffiorw were right fa ttie terrilDie eatummup bug 








-If insecticide present 


+6 






-if crop rotation used without Insecticide 


+3 






-if none of obove used 


0 






34: Sight infestation 








-if insecticide present 


TO 






-if cultivation or crop rotation used 


+6 






-if rone of above used 


+2 






6;6: No bugs-you're luci<y this time 


+6 






Chcrce#7Weeds 








1 ,2: IHeavy weed pressure 








-if herlDicide present 


+6 






-if cuftivatton or crop rotation used without insecticide 


+3 






-If none of above used 


0 






3/4: Moderate v/eedpressure 








-if hert)icide present 


•fO 






-if cultivation or croD rotation used 


+6 






-if nor© of above used 


+2 






5,6: Few weeds-you're lucky this time 


+6 






Chance #8 Crop Prfces 








12: Great 


+5 






ZA: OK 


+3 






5.6: Poor 


+1 






Harvest 
















legumes 


+6 






Totd ;)i 
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CHOICES □ 

^ & 

ff ^ Summer 

« O CHANCES 





Spring 












HerlDlcides 




Fertilizers 
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Fall Plow 



Fail 

reitilizer 




Weattier 



Winter 



A 




Tillage 



Plonting 
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Letter to a Farmer 

Earth and Ute Science Idcssperiod 

Quick Summary: Students will write a letter to someone whio uses nitrogen fertilizer and/or pesti- 
cides. The letter will include questions about chemical use and explanations about benefits and 
disadvantages of reducing chemical use. 

ObiecHves: Upon completion, students wil be able to: 

^. Analyze the advantages and disadvantages of reducing the use of nitrogen fertilizers and/or 
pesticides in a specific, real situation. 

Mctofiob: None 

Printad/AVMoteriois: 

WorkshMt: DIrectlonsforLetterto a Farmer 

IntoimaH o n: Best Managennent Practices (from unit bacl<ground information) 
Procedure: 

1 . Provide tt^e students with adequate bacl<ground information (such as through other activities in this unit). 

2. Hand out the wofkstieet arxj discuss directions. You may want to give them suggestions for writing 
effective letters. For example, the letters should not be adversarial. Students should find out first 
what the farmer's situation is and share Information on pros. cons, and specific how-to's. 

3. Let students decide fortt^erriselves whether or not they actually want to servd their lett^^ tf some do, it 
might be Interesting to discuss responses. 

AltemaHv«: 

1. invite one or more tdrmers into ttie classroom for a panel discussion or interview. Have the students 
generate a list of questions before they arrive. 

2. Contact one of the following about demonstration farms in your area: 

Integrated Farm l^onggement 
ISU Ag Experiment Station 
Ames. Iowa 50011 
516-294-4025 or 
515-294-1923 

Resournftfiil Farming Demnnstrntlons 
Iowa Natural Heritage Foundation 
Insurance Exchange Building. Suite 830 
505 Fifth Avenue 
Des Moines. Iowa 50309 

515- 288-1846 

Fflrmln? With Fewer Chemicals: A Farmer-to-Farmer Directorv 
Iowa Citizens for Community Improvement (Iowa CCD 
1607 E. Grand Ave. 
Des Moines. Iowa 50316 

516- 266-5213 
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Directions for Mm to a Farmer 

Student Wori<sheet 



Name. 



Wrtf© 0 letter to someone w^to uses nitrogen fertiizer and/or pesticides. Think of a friend or relative wtx) 
fofms. (98%ofttTesechemicaisareusedonfafms.) If you car»rK>tttilrik of a farrner, find someone wfio uses 
ttiese cfiemicQis on tt)elr lawn or garden. 

Your letter stiould Include the fdtowlng: 

1 . Ask questlor« olbouf the farm (or lawn or garden) and their use of nitrogen fertilizers or pestl- 
ckjes. 

2. Expkain some of the dangers of using too much nitrogen fertilizer or pesticides, and the benefits 
of reducing ttie use of ttiese ctiemicals. (For example, effects on groundwater, health, arxi energy.) 

3. Ask questions about vy^Tettier they are tryir^ to reduce grour>dwater contaminatjon from nitrates or pesti- 
cides. Use specific examples. 

4. Ask aiDout ways to reduce energy costs. Can tt^ey reduce ttie number of trips across ttie field and/or ttie 
anrxxjnt of ctiemlcal used? 

5. Wlxit woJd be the disadvantages of using Itcs fi^lilizer or pesticides? (V^'oukd cost be a disadvantage? 
RemeiTiber: in order to survive, fdrrDers must be able to mairYtain some krd of profit.) StKire your opintons, 
and ask tfte farmers what tfiey think. 
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Unit III. pUMP 

MM . Abandoned waste sites 




Figure III-2. Landfills 




III. DUMP: ABANDONED WASTE SITES AND LANDFILLS 



OBJECTIVES! 

Upon compleriort. students will be able to: 

1. Analyze the effect of solid wast© disposal on the environment, especially on the groundwater. 

2. Gather data and compare methods of community waste disposal. 

3. Demonstrate how abandoned waste sites or landfills can contaminate groundwater, using a 
groundwater model. 

4. Examine tandflll alternatives which reduce solid waste while conserving energy and other natu- 
ral resources. 

5. Evaluate the dangers of using and disposing of hazardous products. 

BACIfQPQHMP INFQPMATIQN 

ABANtjONED WASTE SITES 

The Problem 

In Iowa, abandoned hazardous waste sites have contaminated over 50 drinking water wells Includ- 
ing some public supplies. These sites Include abandoned dumps and Industrial waste sites which 
used practices not allowed today. 

Dumping wastes 'out the bock doof" was a common practice. Although the land may have been 
owned or leased by the dumper, the hazardous waste poses potential safety problems for the 
general public. 

Sometimes big problems have resulted such as the LaBounty site in Charles City (where arsenic was 
found in the Cedar River and other contaminants found in nearby alluvial aquifers) and Des Moines 
(where TCE was found In the water supply). 

At other times. smoUer problems have resulted which pose potential dangers and need to be 
cleaned up. but have less Impact. Examples of smaller problems Include: Land O Lakes north of 
Des Moines where a former employee reported buried farm chemicals, and several tons of soil and 
chemicals were removed; and Eglnoire in Lorlmor where an abandoned building had open bags 
of hazardous chemicals laying around. 



Who Pays For Cleon-up? 

Clean-up Is expensivo ($250,000 to $9 mlllton for each site in Iowa). Preventing contamination 
woukj have been cheaper and more effective than clean-up attempts. Offlclais try to make the 
resporttlble party pay for cleaning up their hazardous problems. However, the federal government 
tries to help with the worst sites through the Superfund. administered by the Environmental Protec- 
tion Agency (EPA). The Superfund was authorized as a flve-yeor program, first by CERCLA (Com- 
prehensive Environmental Response. Compensation and Lkability Act) In 1980. and then by SARA 
(Su^ erfund Amendments and Reauthorization Act) In 1986. 
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To be ellolble for Superfund money, a hozardous waste site must be on ttie National Priorities List 
(NPL). Tt)e site and contamination must be reported by an obsen/er, and tt^en officials evaluate 
tt^ site. About 10% of trie woist sites mcke ttie Hst. based on ttie extent of contamination, public 
heanh tlveat, end environmental Impact. Fees on hazordous materials in Iowa are now used to 
pay tt>e state's stiare (10%) of clean-up costs. To date, Iowa has paid for one site (Aldex) wtiich 
cost about three times the annual budget for this program. 

Another EPA program. RCRA (Resource Conservation Recovery Act), is In charge of the current 
management of hazardous materials (as opposed to ohnndonad waste sites), tracking the chemi- 
cal from 'cradle to grave" (production to disposaD. RCRA is designed to prevent future problems 
that would require Superfund clean^jp. 



lowaSHet 

There ore over 400 poter«tial uncontrolled hazardous sites investigated In Iowa. Neoriy haif have 
not required any action. Table lli-1 shows the National Priorities Ust sites In Iowa (as of July 1988); 
Table III-2 snows the proposed NPL sites In Iowa; and Table lil-3 shows previt ' jsiy proposed NPL sites 
which are now under the management of RCRA. 

ToNfl m-l. NPL Hazardous Sites In Iowa. Julv 1988. SourcQ: DNR. 

Aldex Corp., Council Bluffs 

Des Moines TCE« Des Moines 

Oupont Landfill (Todtz Form), Comanche 

LoBourty Dump Site, Charies City 

Midwest Manufacturing/North Form, Kellogg 

Vogel Point and Wax Co., Maurice 

Shaw Avenue Dump, Charies City 

TQblftlll.2. Propft^NPt HoMfdousSltQginiQwn Jiilv 1988. Sourra; DNR. 

Red Ock LondfW (Union CortDide DisposoO. Red Oak 

Farmers Mutual Coop., Hospers 

Northwestern States Portland Cement Co., Mason City 

Lehigh Portland Cement Co., Moson City 

Electro-Coatings, Cedar Rapids 

Peoples Natural Gas, Dubuque 

Fairfield Coal Gasification, Fairfield 

E.I. Dupont West Point Sites, West Point 

White Farm Equipment, Charies City 

Mid-America Tanning, Sergeant Bluff 

John Deere (^mwa. Ottumwo 

TnNft III-3. PreviQuslv Prooosflrt NPL Sttes. now under RCRA 

Clinton, City of (Chempiex Co.), Clinton 

Frit industries, Humboldt 

John IDeere Dubuque, Dubuque 

A.Y. McDonald, Dubuque 

U.S. Nameplate Co.. Newton 



ERIC 
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LANDFILLS AND SOUD WASTE 



The Problem 

Leaking Landfills 

Leaks from landfills Oeachate) can contaminate groundwater. Leochote Is liquid waste 
and can be fbrrYied when water mixes with buried waste. Leachote may contain a variety 
of hazardous materials, including household ho. jrdous wastes. 



Too Much SolM Waste 



Landfills become "tand 



I full; J 



Landfills are running out of room. Each lowan generates 
1200 pounds of waste per year, 'fflctldfl^ Americans 
throw away 400 million pounds of food, junk 20.000 cars, 
and discard 1 8,000 TV's. The United States has 5% of the 

world's population, but produces 30% of the garbage. We each ore a part of this throw 
away society, and we each hove a responsibilily to help solve the problem. 



Other Problems 

NahJial resources cortcined In wastes are growing more limited and more expensive. We can 
no ksnger afford to ^A«ste energy or to discard vduobie resources ttxat are stm usable. Also, nrxany 
of the rrxaterkals b«jfled ore nonbiodegradable and wil remoln Intact for centuries. Not only are 
the nonbiode^adables such OS ptasttc unchmged . but the things Ihey 
biodegradable, cannot be acted upon by decanposers and wi also renrvain es^ 

chcr^ged 



What Happens to Our V^aste? 

When we "throw away" something, it does rot just "go away"-most of it goes into a landfill. A 
sanitary tandtW Is a site where solid waste is disposed of on 'lond without creating public health or 
safety hazards, by conflnlr>g refuse to th© smallest practical area, reducing It to the srrxayest procti- 
cd volurm. and covering it with 0 layer of earth at the end of each day 's operatic 

quently if necessary. 

In the past, dumps were used which were simply piles of uncovered waste. They attracted 
rodents and Insects, and were unsightly, smelly, and o health threat. By 1975. the 2000 dumps in 
lov^ were outtawed and replaced by iandfiis. However, itwos not until 1981 that the burial of 
hazardous wastes In kandflUs was prohibited. As a result, 69 tanatllls in Iowa are on the notkXKil 
list for uncontrolled waste sites. 

There ore now 1 25 permitted kindfill sites located in 83 counties in Iowa, occupying 1 0.000 
ocresofkand. They must be constructed in (jreas where the possbillty of contamination of 
groundwater will be minimal, with o series of pipes for monitoring loid below a clay liner. 
Garbage must be compacted and covered with six inches of soil doily, and land must be 
reclaimed as landfill operations ore completed. Most are located in clay-rich glacial soil, 
but 12 ore in abandoned cool mines and quarries, seven ore near rivers and two are in 
korst areas. Thirty-seven of Iowa's landfills ore within three miles of a city or town. 
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Goob toff Solid Waatft ManqqaiTWitf 

To m«tt Mvm lolld was»« n4fU, the 1987 Iowa Groundwater Protection Act mandated 
some big changes for landfills over a ten-year period, including better groundwater moni- 
toring, a plan for landfill alternatives, and higher landfill fees to help pay for these changes. 
Solid waste alternatives (ranked In order of Importance) are: 



r 
L 



Lonctffils - Don't dump 
your troubles on mel 



\\ 1. Volume reduction at the source: (reducing the amount 
of waste before It goes to a landfill). This Is something with 
which everyone can help. People can buy/use products 
that last longer. They can reuse things, or simply Just buy/ 
use less. Buslnesset can make products ttKit use fewer 
resources, and reduce excessive packaging. (Simple com- 
pactton, although reducing volume, does not help with other environmental Impacts, and 
so Is neither ertcourcged nor discouraged.) 

2. Recycling/reuse: (after it goes to the waste stream). Markets often exist or could be 
developed for programs to recycle: motor oil. car batteries, nickel and chrome batteries, 
plastics, newspaper, corrugated cardboard, textiles, office paper, construction materials 
(such OS rock, concrete, lumber, points and wire), aluminum and steel cans, colored and 
clear glass, yard clippings, animal wastes and other organic wastes. Composting yard 
waste, either at a central fdcillty or In Individual backyards, not oniy reduces volume but 
also makes a useful natural tertilizer. 



3. Inclneiotion with eneigy recovery: (burning waste to produce steam or electricity). Air 
pollutk3ti can sometimes be a problem, so pollution control devices may be needed on 
Incinerators. There are two main types of facilities: moss bum and refuse-derived fuel 
(RDF). Refuse-derived fuel may be fluffy or densifled Into pellets (called densifled refuse- 
derived fuel or d-RDI=). The dty of Ames has an example of a man bum facilHy. In 1976 
they were first In the nation to stort a prpject that separates burr able refuse for use as 
boiler fuel and recovers as much of the nonbumable refuse as possible for recycling. 
Densifled refuse-derived fuel (d-RDF) consists of three-irtch pellets formed from solid waste 
or a mixture of paper and cardboard. D-RDF Is being used at Dordt College and the high 
school at Stoux Center. Studies on d-RDF are being conducted at Cedar Rapids (jointly by 
the city and Iowa Electric Light and Power Company) and In a five-county region in 
southeast bwa. focused In Keokuk. 

4. incineration for volume reduction: (simply burning waste). This Is the second to the 
least preferred optksn, because it reduces volume only about 30-40 percent, does not 
moke use of natural resources contained In the waste, and cocild hove air pollution prob- 
lems If rjot done correctly. 

5. Sanitary iondfiiis: Although high costs of future landfilling will make the other options 
more appealing, no system to dote con operate without generating some waste, so 
landfllls wHl still be needed. However, fewer local landfllls may be needed. .»;..ultlng in 
more regional ksndfills. 

In 1989, the Iowa leglstature passed a bill on waste volume reductkxi and recycling whteh set a 
goal to reduce the amount of mot^fiais m the wait* sir«om. existing as of July 1 , 1988, 25% by July 
1. 1994, and 50% by July 1, 2000. Other examples in the bill include: 

Beginning Jon. 1 . 1991 . kand disposal of yard woste !s prohibited, except when the waste Is 
seporoted and accepted by a sanitary iandflll for composting. Cities and counties by July 1 , 
1990, stjol require persons to separate yard waste. 



Land disposal of iMd acid balttfkw Is prohibited beg: ing July 1 . 1990. Retailers and wholesal- 
ers of lead acid batteries must accept used batterle jt recycling. 

Land disposal of whole waste «ri» Is prohibited beginning July 1 . 1991 . unless the tire has been 
processed In a manner established by the DNR. 

A sanitary landfill shall not accept waste oH for final disposal beginning July 1 . 1990. RetoBers 
selllrg dl must, at the point of sale, accept waste on from customers or post notices of locations 
f6r waste oil disposal. They must also post o notice that disposing oil In landfills Is unlawful. 

PlasHc foam packcsinc products or food sen/Ice Items manufactured with chlorofluorocarbons 
ore prohibited beginning Jan. 1 . 1 990. 

Effective July 1 . 1992. land disposal of nondegrodable pkistlc grocery bogs or trash bags is 
prohibited, unless DNR determines that degradable plastic bogs pose an environmental haz- 
ard. 



Attamntlvea for ConsumefS 

Th« Power of Choice in Buying 



Do you refuse to buy Mngs that dor^'t last? Do you take care of 
thhgs to moke them lost Icr^ger? Cor^ you reduce the number of 
disposable Items you buy? Could you still be happy If you bought 
fewer things? If many of us bought things that lasted longer or were less wasteful, manu- 
facturers would be forced to make things that last longer. Oo you exert your buying 
power? 

Recycling 

At least fifty percent of the solid waste In landfills could have been recycled. Recycling is 
the process v^rt^ereby the material Is processed to be used again In Its original form or In a 
similar form. Recycling not only reduces the amount of waste and conserves natural 
resources, but also saves energy and water, and reduces air/water pollution and mining 
wastes. Refer to Table lll.l below. 

Tablft lll.l EnftftTv Saved In Monufqcturing With Recycled Mot arinl Instead of Row Materials 
^Source: Pennsyh/ania Energy.) 

Percent Enerov Saved 



Aluminum 96 

Copper 87 

Iron/Steel 63 

Lead 63 

Paper 63 

Rubber 71 

Zinc 60 

Glass 85 



Americans throw away millions of tons of paper per year, which is about 40 percent of all 
our waste. For every ton of paper we recycle w© save 1 7 trees y^lch ore renewable re- 
sources. Making paper from recycled paper uses 30 to 65 percent less energy than mak- 
ing paper from trees and reduces the air pollution Involved In the paper-making process 



[ 



\ 

Buy with care. 
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by 95 percent. The slick paper In magazines can technically be recycled (for example In 
Michigan). However, It Is probably not yet practical to recycle magazines In Iowa. 

About 70 percent of all mefal, a nonrenewable resource, is used just once and then dis- 
carded. Aluminum costs enough that recycling Is profitable, and aluminum Is the most 
successfully recycled with 50% of aluminum cans returned. Iron, tin and copper are also 
routineh/ recycled. Did you know...? 

• Throwlr^ cway an aluminum pop con wastes as much energy as pouring out a can half- 
fiiled with gasoline. 

• Making aluminum from recycled aluminum uses 90 to 96 percent less energy than making 
aluminum from bauxite ore. 

About 10% of our solid waste is qIgm and is ail recyclable. Only one In 1 5 gloss contoiners 
ore crushed and mode Into something new. In order for gloss to be recycled, all metal 
must be removed and It must be color sorted. Gloss is made from silica, limestone, and 
soda, all of whteh ore plentiful natural resources. Because of this, prices paid for waste 
gloss (cullet) ore low. Its weight and special equipment make transportation costly, so 
profits ore minimal. Glass is not biodegradable. 

Americans throw 100 mlllk^n tires away per year. Although recycling tires Is possible. It Is 
dlffk:ult and virtually not dor»e In the U.S. Tires are a problem In the tandfill, because the 
rubber resists attempts to compact It, bouncing back and working Its way to the surface. 

The amount of plastic In kandfllls continues to Increase as it replaces glass and paper. 
Plastk: has been a problem to recycle because there ore different kinds which do not stick 
togettier when remelted. There are v ptastic recycling companies in the United States, 
but one of these Is In Iowa Falls, Iowa. 

Rostlc has generally been considered nonbiodegradable because It takes hundreds of 
years to decompose. However, some new degradobie plastics are now being re- 
searched. Some of these are mode with corn starch which will decompose leaving dust- 
like particles of pkastic; and other types of plastic ore being developed which will decom- 
pose when exposed to light (photodegrodobie). Many questions remain about how safe 
these new plastics are for the environment. 




Reuse 

Many things ttiot we just throw In the trash coukj be reused for Vrte original or onother 
purpose. Reuse saves noturol resources Oncluding energy) and reduces the size of landfills. 
Containers con be used fOr other purposes; and other items such as ctothes, toys, furniture, 
and appliances, con be donated or sold to others for reuse. Disposable Items should be 
ovokjed. 

Composting 

Yard waste accounts for the rr ajority of waste after paper. In ttie post, farmers and gar- 
deners often used compost for fertilizer and soil conditioning. Composting Is collecting or- 
ganic material such as kjwn clippings, leaves, non-meat food scraps, and manure, and 
kayering It to decompose Into fertile humus. Compost Is formed through the actton of mi- 
crobes that multiply when mixed with organic materials, sufficient air and moisture. These 
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fungf and bacteria generate temperatures of 160» F, chianglng and sanitizing the material. 
The finished product looks like soil, is dean, and Inexpensive. This natural recycling process 
Is a good way to reduce the volume of solid wastes. See also Appendix M. Composting 
Your Yard Waste In a Holding Bin. 

Houaahold Hazardous Wastes 

Household hazardous materials (HHM) ore products used In the home that may te hazard- 
ous to human health or to the envir )nment when Improper disposal occurs. Some ex- 
amples Include: caustte iTOusehold cleaners, drain openers, — ^ 
automotive products, pesticides, paint products, soh/ents, ^ ^ 
smoke alarms and outdated medicines. Although Indivkduol 
samples wouW prolsataly cause little damage to the environ- 
ment, when household wastes are concentrated In a Icndfill 
or sewage treatment plant, they may pollute water supplies. 




Storing up trouble - 
hazardous wastes. 



Non-hazardous altemotNes should be used whenever possible. (See the activity on House- 
hold Hazardous Materials.) Also "use only what is needed" should replace the philosophy 
of 'more is better." 

Retail stores are now reauired by low to display siielf labels which identify products that 
ore considered hazardous. Brochures should also be available to explain how these mate- 
rials ore to be handled. 

The Toxic Cleanup Days program provides funds (from HHiVI permits to retailers) for setting 
up 0 one-day collection site for HHIVI in cooperation with kx:al groups. Collected wastes 
ore properiy disposed of at a hazardous waste facility or by incineration. Waste ex- 
changes for reusable products such as paints and pesticides are encouraged In place of 
disposal. 

HgqrdQ V? waste FQCllftv in Iow a 

Presently, there ore no long-term hazardous waste facilities in Iowa. Hazardous wastes are 
now shipp^ out of the state which is expensive. Iowa is in the process of studying a 
proposal to establish a regional facility with surrounding states to handle hazardous wastes. 
Meanwhile, ways to minimize hazardous wastes ore being promoted. 
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Superfund Case Study 



Earth/Ufe Science 1 class period 

Jck Summary: 

Students will discuss solutions, and Ideas about cleaning up a toxic waste site, using Information 
concerning an actual site. 

Ob|«etlvM: Upon completion, the students will be abl€^ to: 

1. Describe on actud toxic waste cleonHjp case. 

2. Critically discuss tt)e costs of prevention vs. cleaning up a toxic waste site. 

3. Formulate a process for Identifying tt^e source of toxic waste whilch has contaminated ground- 
water. 

Mcrteriols: Groundwater model (as shown In Figure 3 of Appendix A. Great Ways to Use the 
Groundwi^: m ModeO for each small group of students. 

Printed/AV f^^i^uttkilts: 
Teacher Dlscus.'iion Guide 

Overheod: Map of Des Moines Groundwater TCE Concentrations - December '84. 
Procedure: 

1 . Use the map and discussion guide provided to describe the toxic waste problem presented in 
the case study. Allow the class to offer their opinions about the answers to the questions. Stress the 
point that there ore mony possible answers to some of the questions and that what they think Isn't 
necessarily wrong because It doesnt agree with what was actually done. They do not have all of 
the Information and expertise required to arrive at \he some conclusions that the authorities did. 

2. Use the groundwater model to show how a pump (acting as a recovery welD can pull contami- 
nated water towards itself for eventual removal. 

AttemoHves: 

Case study Information about several other sites Is avaltable from the Deporlment of Natural Re- 
sources. Ask for the Annual Report on Abandoned or Uncontrolled Hazardous Waste Disposal Sites 
and Hazardous Waste Remedial Fund. This document contalr« case studies on hazardous waste 
sites throughout the state which you may adapt for this lesson. 
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Sup«rfund Com Study: Des Moines TCE 

Teacher Discussion Guide 



The Des Moines Water Woiks wNch supplies the city of Des Moines and some of the surrounding 
towns with water is located on the l?accoon River in Des Moines. Tt^e Water Worlcs gets its water 
from a combination of sources: ttie Raccoon and Des Moines Rivers (surface water) and a gallery 
(hortzontd weiO in an dluvlai aquifer (groundwater) near and under the Raccoon River. 

TCE (trichiofoethylene) is a toxic but common industrial solvent, in late 1973. TCE was detected in 
Des Moines drinldng water in sufficient concentration to cause concern. No one Icnew how the 
chemical had gotten Into the water, where It had come from, or how serious the problem was. 
Que^lcn 1: How would you go about discovering the source of the TCE in the water supply of Des 
Moines? 

(INs ii what ttiey did: Tested the water at short distances around the Water Wori<s plant until you 
don't find any more TCE. Zero in on it that way.) 

It was discovered ttiat the source of the TCE contamination was the grounds of the Dice Manufac- 
turing Plant across th>e river and less than one mile from the Water Worl<s. 
Queiflon 2: How would you discover how the chemlcoi got into the water supply from the manu- 
facturing plant? 

(This It whaf they dkl: Investigate how they use and handle the chemical, how they store it. and 
how they dispose of it. Test the soil around thte plant.) 

Investigatcrs found that the TCE had been mixed v4th waste oil and spread on the gravel parking 
kDt aroundlthe plant to keep the dust down. The company ctaimed that they had no knowledge 
of the TCE In the ol and cksimed that the problem wasn't their foult. 
QueiNo?! 3: How would you determine how for and how deep the TCE hod $q\eQ6 from the 
parking tot? 

Ohte it what they dkk Son tests and monitoring wells to determine the depth and spread of the 
chemical.) 

Quettion 4: How wouW the TCE get from the parking lot to the Water Works? 

(Thlt it how: Soak Into the ground and then enter the groundwater. The pumping of the Water 

Works gallery 'pulled' the contaminated groundwater toward it.) 

Federal, state, and kx;al offtetals decfcled that the TCE contamination must be cleaned up to 
protect the health of the water users from this cancer-causing chemteal. The DIco Company 
agreed to pay for much of the cost but dkJ not admit responsibility for the problem. 
QuetHon 5: How would you go about cleaning the TCE out of the subsurface and the water 
supply? 

Cniit it what they ore doing: Pump from new recovery weHs surroc.iding the area of contamination 
okxjg the east skje of the river v^ch puH water away from the Water Works. Pump the water into 
0 stripper tower whteh Is fiHed with little pkastk: baHs. T,^e water drips through the tower, splashing 
against the balls and air which flows up from the bottom. This dkjws over 9V% of the TCE to vopor- 
tize into the air.) 

Quettksn 6: How much do you think this entire cleanup including th^> . csll* ig and investigation 
wcuW cost? 

(fhit is how much: Almost $3 miilk^n total, including $1 miiikDn for testing and investigation and $1 .6- 
$2 rr^lon for cleanup-paid by Dteo.) 

EpHogue: Another plume. coHed the north plume, was found in 1988 at the north end of the Flour 
Drive brWge. Contaminants ore now being p 'lied out by a nearby recovery well, and Investigo- 
tions ore currently undeiwoy to identify ttie source of this plume. 
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MAP OF DES MOINES 
Groundwater TCE Concentrations • December '84 
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The Problem With Landfills 



Earth/Ufe Science 1 class period 

Quiclc Summaiy: 

The students will be Irrfroduced to our solid waste crisis and some possible solutions using a quiz and 
discussion supported by overhead transporencles. 

Oblectlvot: Upon completion, the student will be able to: 

1. State the problems In disposing aolld waste. 

2. Describe tiow waste disposal mettiods may lead to contamination of the groundwater. 

3. Critically discuss waste disposal options. 

Materials: For each group of 4-6 students: groundwater model and supplies (Refer to Appendix A.) 

Printed/AV Materials: 
Woricsheet: Solid Waste Quiz. 
Overhead: Running Out of Room 

A Better Landfill 

Solid Waste Alternatives 

Procedure: 

1. Have students take the 'Solid Waste Quiz". Answers are: 1(a). 2(d). 3(c). 4(d). 5(a). 6(d). 7(d). 
8(a). 9(d). 

2. Using the overhead "Running Out of Room" and the items from the quiz, lead a brief discussion 
of our growing solid waste crisis. 

3. Refer to the last question on the 'Solid Waste Quiz" and discuss what is done with the trash in i 
landflil. Be sure to point out the difference between present iandflils and dumps used In the past. 
arxJ list the advantages of ttie landflil. 

4. Discuss the disadvantages of landflil disposal including leakage to groundwater, limited space, 
waste of natural resources and l;x;iuslon of non-biodegradable materials. 

5. Have students use the groundwater model to demonstrate a leaking landfill. (Refer to Figure 3 in 
Appendix A. GREAT Ways to Use the Groundwater Model.) 

6. Use the overtiead 'A Better Landfill' to show inadequate and well-designed landfills. Good 
tandfllls In the future will also have a ieochote collection system to pump leachate collected in the 
liner to be treated. Also wh»en full, a flnal cover over the top will prevent water from entering the 
tandflll and creating more ieachate. 

7. Lead the discusskjn toward alternatives to landfill disposal in light of the problems identified in #6. 
Use the overhead 'Solid Waste Alternatives.' 

Extension: 

Have students determine how and where their personal garbage is taken. On a county map. 
locate the nearest landflil and retate Its location to their home. 
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Solid Wc^ Quiz 

Student Worioheet Name. 



1. Each person in Iowa produces pounds of solid waste a year. 

0)1200 b)800 0500 d) 100 

2. Ibe number of beverage containers used by Americans increased from 16 millton In 1967 to 

in 1986. 



a) 86 million b) 150 million c) 1.5 billion d) 12.5 billion 

^3. Every American uses pounds of aluminum c day. 

a)16 b)36 c)56 d)96. 

^4. Eachi American uses ____ pounds of paper per year. 

a) 18 b)98 0280 O680 

^5. Each day Americans throw away pounds of food. 

a) 400X)OOXXX) b) 4.000.000 c) 400j000 d) 4.000. 

6. Each day Americans junk cars. 

a) 1XXD0 b) 5000 O lOXXX) d) 20XXXI. 

7. Each day Americans discard TVs. 

a) 1.800 b) 3300 O 8.000 d) 18.000. 

^8. Wtiot percentage of packaging (boxes, bags, and wrappers) is thrown out right away? 

a) 90% b) 75% c)50% d) 10%. 

^9. Today, most solid waste Is disposed of in.... 

a) a dump b) the sea c) an incinerator d) a landfill 
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A Better Landfill 

What's wrong with this landf ill 1 
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Solid Waste Alternatives 



Overhead 



1 . Volume Reduction at the Source 



2. Recycling/Reuse 




3. Incineration for Energy Recovery 



4. Incineration for Volume Reduction 



5. Landfills 
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Houi»hold Hazardous Materials 

Earth/Ufe Science 



2 Class Periods 



Quiek Sununcty: 

Students will construct and use a Household Hazardous Waste Wheel to survey the hazardous 
materlols In their homes as well as determine the harmful effects, proper disposal, and non-hozord- 
ous alternatives. 

Objecttves: Upon completion, students will be able to: 

1. Construct the Household Hazardous Waste Wheel (HHWW) following a printed set of directions. 

2. Use the HHWW 1o locate and Identity hazardous materials In the home. 

3. Identify ingredients from product labels and determine the health effects. 

4. Compare label use and cautions to immediate hazard effects listed on the HHWW. 

5. Compare label disposal directions to the type of disposal recommended on the HHWW. 

6. List the appropriate safety measures to follow in storing and using hazardous products. 

7. Evaluate the dangers of using and disposing of hazardous products In terms of a safe alternate 
use. 

8. Describe the harmful effects of Improper disposal on the environment. 



Materials: 

Glue 

Manilla folders (2 per student) 
Brads (1 per student) 
Scissors ( 1 per student) 




Printed/AV Materials: 

Letter to the Parents 

WofkshMis: Household Hazardous Waste Wheel patterns and construction directions 

Household Hazardous Materials Investigation 

Household Hazardous Materials Inventory form 
Overhead: How Toxicants Are Absorbed By The Body 
Teacher InformoHon: 
See fact sheets: Toxicants In The Body 

Household Hazardous Materials (2 pages) 

Unsafe Hazardous Waste Disposol Practices 
See Appendix G: Potential Hazards of Household Products Classified to Chemicol Type 

•••Safety"* 

When students are doing the Household Hazardous MaterioLr Inventory, parent or guardian super- 
vision Is recommended. Students should not open containers, should return container to child- 
proof storage areas, and should wash their hands when finished handling the containers. If you 
did not send the letter to the parents at the beginning of this module, a letter at this time is recom- 
merxjed. 



Procedure: 

1. Distribute the HHWW patterns and directions along with materials needed to put the wheels 
together. 

2. When the students have completed construction, demonstrate the proper use of the wheel. It 
would be helpful to have some samples of hazardous household products in the classroom. 

3. Discuss terms used on the wheel such as toxic and corrosive and discuss how these products 
cause us harm. See fact sheet Toxicants in the Body. Use overhead How Toxicants Are Absorbed 
by the Body. 

4. Distribute Household Hazardous Materials investigation and Household Hazardous Materials 
Inventory form. To show students how to flil out the Inventory form at home, use a sample hazard- 
ous product and fill In the columns together using an overtiead or chalkboard. As this is done, 
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discuss labol requirements arxj precautions. Refer to fact sheets (Household IHozardous Materials. 
Allow the students two to three days to complete the form at home. 

5. On the Inventory completton date, discuss some of the results. From discussion or access to 
Appendix H. Potential Hazards of Household Products Classified to Chemical Type, have students 
determine other health hazards. Warnings and precautions on the fact sheet may give students a 
clue to health hazards. 

6. Discuss Vr\e feoslbility of some of thie alternatives in light of the health hazards of given products. 

7. Close by finding out student ideas about what usually happens to the products when people 
no longer want them. How could such types of disp'jsai iKirm the environment, especially ground- 
water? Refer to fact sheet Unsafe Hazardous Waste Disposal Practices. 

Note-Inventory forms will be most effective if tolcen bacl< to the student home for future family 
reference. 

Alternate: Worl<sheet: What's In a Label? 
Extensions: 

1 . Create a poster using an ad for a hazardous household product. Included on the poster should 
be the ad itself, how the product is harmful, what kind of advertising persuasion is used to appeal 
to the consumer, how the cor>sumer con avoid or redur*> the hazards, a descrlptton of a less toxic 
substitute, and information about proper disposal. 

2. Create on ad for a safer substitute (T.V. , newspaper, magazine, or radio}. 

3. Create a poster, brochure, or commercial to encourage proper use of hazardous materials, 
proper disposal of suchi hazardous products, and/or the use of safer substitutes. 

4. Investigate how hazardous materials can enter our groundwater when poured down drains, 
toilets, sewers, and/or septic tanl<s. This may include a diagram of the path followed. 

Reference: 

Adapted from Household Hoynrrinus Waste Wheel a n d Household Hmordous Waste Curriculum. 
Environmental Hazards Management Institute. 
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Dear Parent or Guardian: 

Solid waste disposal is an important problem iDecause of Its implication for public health and Its 
potential threat to groundwater supplies. As a part of our study of groundwater quality we will be 
conducting an inventory of hazardous materials found In the home. 

This activity should help each student recognize that they contribute to the solid waste problem. 
They will also learn to identify and use hazardous household products in a safe and effective 
manner. They will study solid waste management practices that will protect health and environ- 
ment now and in the future. 

We need your help in completing the home activities. The instructions are printed on the worl<- 
sheets and can be easily followed by the student. We ask you to supervise the student for safety 
purposes. 

Please make sure that all containers of hazardous products are seci;rely closed and hove been 

• retumed to a safe child-proof tocation after the necessary information is gathered for the work- 
sheet. 

Thank you for your help and cooperation. 
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Directions for constructing the Household Hazardous Waste Wheel. 

1. Cut a manilla folder in two pieces (cut along the fold). 

2. Cut out wheel 1 found on this page. 

3. Paste wheel 1 on one of the halves of the manilla folder. 

4. With the wheel pasted to the folder^ again cut out wheel 1. 

5. Cut out wheel 2. 

6. Paste wheel 2 on the back of wheel 1. 



7. Make holder. 
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Wheel 2 



Holder 1 
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Waste 
Categories 

Products 



Alternatives 




immediate 
Hazards 

Waste 
Disposal 



HOUSEHOLD 
HAZARDOUS 
WASTE WHEEL 



This wheel simplifies a complex and controversial subject-the safe disposal of 
household wastes. For more detaded information contact 1'^-532-1114 in Iowa. 

While proper use of hazardous substances mwy not pose a threat to the consumer, 
improper disposal may threaten groundwater quality. 



The wheel provides information for proper waste management. A symbol 
identifies preferred options as follows: 

DisposaS Key 

H- Hazardous waste program . Do not dispose. Keep safely stored until a hazardous 
waste collection/disposal program is held nearby. 

DW' Dispose with Water . Fully use, rinse container, pour rinse water down drain that 
empties into a sanitary sewer with lots of water, or reuse according to label 
directions. Usually rinsed containers may then be deposited in landfill. 
R- Recycle . Bring to a reclamation center or find someone who can use it. 
SD^ Special disposal . Air dry latex paints or aerosols in a cardboard box evaporate 
^and solidify and discard empty containers and dry cardboard boxes. 
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Directions for maidng holder for Household Hazardous Waste Wheel. 

1 . Take another manlHa folder and unfold it 

2. Place holder 1 on one side of the folder with the top along the fold. 

3. Race holder 2 on the other side of the folder with the top along the fold. 

4. The tops of the two hoWiirs should touch each other along the fold - DO NOT CUT THIS FOLD. 

5. Paste the holders to the manllla folder and cut them out, except for the top. 

6. Place the wheel Inside tho holder, line up the center of each circle; and fasten with a brad. 

"'•26 ^ . r. 
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Waste 
Categories 



Products 



Alternatives 





Immediate 
Hazards 

Waste 
Disposal 

GENERAL SUGGESTIONS FOR THE 
STORAGE OF HOUSEHOLD 
HAZARDOUS WASTES 
-Keep substances in the original 
container 

-Keep a list of stored hazardous products 

which you maintain at home: include the ® 

name and the date of purchase 

-Be sure label is securely affixed to the 

container 

-Keep in a cool, dry place 

-Keep substances out of reach of children 

and pets 

-If the original container is leaking, 
enclose it in a larger container that is 
labeled appropriately 
-Keep incompatible chemical products 
separated 

-Periodically checl< containers for 
deterioration 



HOUSEHOLD 
HAZARDOUS 
WASTE WHEEL 

PROPER USE OF PRODUCTS 
CONTAINING HAZARDOUS 
CHEMICALS 

-Carefully read and follow the label's 
directions 

-Use the product in the manner directed 
by the manufacturer of the product, For 
example^ misapplication of oven and 
drain cleaners may cause irreparable eye 
damage. 

-Do not mix chemical substances 
-Use the product at the recommended 
strength 

-Utilize every ounce of each product: buy 
only what you need; purchase small 
quantities if possible: give leftover 
products in the original container to 
others who may use them 
-Use natural, less toxic products or 
alternatives when possible -Prevent the, 
splashing of chemicals 
•Keep areas well ventilated 
-Secure lids tightly 




ERIC 



Household Hazardous Materials Investigation 

student Worksheet Name. 



Solely ••• 

1 . Parent or guardian supervision is recommended for tills project. 

2. Make sure aH containers ore tightly ckssed. 

3. Do not open containers as fumes may cause bums or might be poisonous. 

4. Immediately retum all containers to a child-proof storage area. 

5. Wash your hands when you ore finished handling the containers. 

Procedure: 

1. Using the Hoi tsehoki Hazardous Waste Wheel (HHWW) and the "Household Hcsordous Materials 
Inventory" sheet, locate hazardous products In your home and record ttie brand name (for ex- 
ample, Drano) on the Inventory sheet. You may find types of hazardous materials not listed on the 
HHWW. If so. record as much intormatlon as you con about these. 

2. Write down me type of product-for what It is used (for example, drain cleoner). 

3. List hazards as found in the caution labels, directions for use, or HHWW. 

4. List the label directtons for disposol. If given. 

5. if these ore In agreement with the Information on the HHWW, write yes In the appropriate col- 
umn; If not. write no. 

*Note: 

-Are on containers tightly closed and retumed to a child proof storage area? 
-Did you wash your hands? 

Conclusion Questions: (Answer these on your own paper.) 

1 . Usf some of the signal words that you found on containers. 

2. Were all of the Ingredients in the product listed by name? How do you know this? 

3. Were all of the hazardous materials being stored property? If not, give one example. IVIake sure 
to describe how It sfiould be stored. 

4. Select three hazardous materials found In your home. Describe the hazards, the non-hazardous 
alternative, and the pros and cons of using the alternative. 

6. List 3 common ways that people dispose of I tozardous materials. Describe the risks to health 
and environment created by each. 

6. Do you think that you contribute to contamlnatton of our groundwater? If so, list some specific 
ways that you can cut down on such pollution. List ways that you might get others to help protect 
our groundwater from hazardous chemteals. 

Look (or Household Hazardous 
Mdefials in youn 



-Kltch»en 



-Bathroom 
-Basement 



-Garage 

o 
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Household Hazardous Materials Inventory 

Student Worksheet 





Name. 



Product Name 



Type 



Hazards 



Label Disposol 
Directions 



Agreement 



How Toxicants Are Absorbed by the Body 



INCCSTIOH 




CASTRO-INTESTINAL 
TRACT 

RESFiRATORY 
TRACT 

. CIRCULATORY 
SYSTEM 
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from Toxics in Mv Home? You BetL Golden Empire Heattti Planning Center 



Fact Sheet: Toxicants in ttte Body 



Toxic means poisonous. A poison is something that causes iilness. injury, or death to any living thing. 
Some hamiful effects appear immedlateiy. out other health problems tai<e a long time to develop. 
The amount of harm a person suffers from exposure to hazardous chemicals depends on: 1) the 
type of chemicals in ihe product. 2) how much of the chemical the person is exposed to. and 3) 
the physical makeup of the victim. Children, frail people, and the elderty suffer more harm from ex- 
posure than do healthy adults. Another corrcem is the potential adverse health effects resulting 
from the use of chemicals in combination with each other. The effect of a combination of chemi- 
cals Is called the synergistic effect and little is l<nown about the potential problems this causes. 

There are three ways that toxic substances enter the body: 

1. IngesHon-eating or drinking the toxin. The toxin enters the gostro-intestl- 
nd tract. Some substances will pass out the gostro-intestinol tract as feces, 
while others will pass from the stomach through the bloodstreain to the llvor. 
The liver con change many substances into a form that Is more easily ex- 
creted. If toxic chemicals ore not broken down, they may be stored In the 
liver or recircukated in ttie btoodstream. The liver con be severely damage 
by chemteab that destroy liver cells. The destroyed cells ore repkaced by 
scar tissue that impairs the liver function. 




2. Inhakallon-breathlng in contaminated air. Iho toxin enters the respiratory 
system. A substance entering through the lungs passes directly Into the 
circulatory system. Delicate tissues of the respiratory system con be dam- 
aged causing immediate respiratory problems or tor>g term diseases. 



INHALATION 




3. Dermal exposure-skin contact. Substances absorbed through the skin 
may also pass into the circulatory system, and get carried around the 
body. Some will be removed by the kidneys orvd thon passed out as 
urine. Others may be absorbed by the body's fatty tissues to reenter the 
btood stream whenever the fat is used. 

Adapted from Toxics In Mv H ome? You Bet. 




111-31 



Fact ShMh HOUSEHOLD HAZARDOUS MATERIALS 



G«n«ral 

According to federal low. o hazordout substance is: 

'Any substance or mixture of substances which is toxic, corrosive, an irritant, flammable or combus- 
tible, a strong ser»sitlzer, generates pressure, is radioactive, or can cause substantial injury or Illness." 
(IWs applies only to immediate health effects, not long term.) 

If a product fits the above definition, the label must contain the following: 

-Signal words such as 'danger,' ■warning,* or 'caution' (front labeO 
-Description of the hazard such as flammable' (front tabeO 

-A statement waming users how to avoid the hazard such as "Use in a well ventilated room.' 
-Common or chemical name for hazardous substar>ce 
-If necessary, instructions for safe use 
-Rrst aid instructiorw 

-Name and location of manufacturer or distributer 

-A waming that means "Keep out of the reach of children." 

Toxic chemicals can be in the product that do not have to be labeled because they do not 
present an Immediate hazard and/or make up less than four percent of the ingredients. Further 
adding to the confusion, the name of the hazardous substance does not have to be listed accord- 
ing to standard chemical nomenclature but by any number of chemical or common names. Also 
substances are often Hsted in vague terms. 

Household Cleaners and Polishes 

Cleaners arxJ polishes are effective for the job they ore designed to do because they contain 
strong chemicals. Some con destroy human tissue. Accidental drinking, breathing fumes, or skin 
orxj eye contact con result in lr>|ury and even death. Some harmful effects appear immediately 
and other health problems take a tong time to devetop. "me effects of such products ore not well 
studied. Air fresheners and deodorizers, for example, work by either desensitizing our sense of smell 
by coating nasal passages with an oily film or masking the unpleasant odor. Little Is known about 
the health or environmental effects. 

Solvents 

A solvent is any substance that dissolves another substance. The most common solvent Is water 
whteh is not hazardous. Other solvents such as turpentine are hazardous. Hazardous solvents are 
contained in such tKXJsehokj products as dry cleaning flukis, fumlture polish, nail polish and polish 
remover, point, paint thinner, shoe core products, ortd aerosol sprays. 

Solvents con be extremely dangerous to your health and safety, as well as harmful to the environ- 
ment. Seven of the Immediate health effects ore: 1) Itchy, burning, or tearing eyes; 2) Itchy, 
burning, or dry skin; 3) nose, throat, or lung irrltatk^n; 4) coughing; 5) nausea; 6) headache; and. 7) 
dizziness, light headedness. or sleepiness. Long-term effects ore liver and kWney problems, birth 
defects, and neo/ous disorders. Solvents are especkally hazardous because they ore so readily 
absorbed through skin and respiratory passages. 

Pesticides 

Pesticides ore any substances used to kill or repel a pest. These pests include insects, weeds, and 
animals such as rats. Disinfectants are also considered pesticides since they destroy microorgan- 
isms. 
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Most pestteldes are poisons and can also be harmful if swallowed by organisms other than pests. 
Authorities believe that between 60-90% of pesticides have not been tested for their ability to 
cause cancer, birth defects, or gene mutotlora. Chemicals are supposed to be tested for long- 
term effects but most pesticides are not. because they were on the market before the law was 
passed in 1972. 

On labels. Ingredients must be listed as active or inert. The term active applies to ingredients that 
do what the product Is intended to do. The term Inert refers to any other substances In the prod- 
uct. They usually are only there to moke the active Ingredient easy to apply. The tetm Inert does 
not mean harmless. Some con be as dangerous as the active Ingredients. Only the name of the 
active Ingredient must be listed and the rest con simply be listed as Inert and will probably make up 
the greatest percentage of irgredlents. For example, organic solvents ore often listed as inert, yet 
benzene, xylene, and toluene ore known to cause cancer. 



Some pesticides have been banned or restricted. These pestickjes should be carefully stored and 
saved for a hazardous waste collection day. A partkai list of these products follows: 
Aldrln. Amitraz. Arsenk: Trioxide. Benomyl. BHC. Bithionol. Chloronil. Chiordone. Chtorobenzilate. 
Copper Arsenate. DBCP. DDD (TDE). DDT. Diollate. Dieklrln. Dimethoote. EDS. Endrln. EPN. Fluoro- 
cetamide. Heptochlor. Kepone. Lindane. Mercury. Mirex. OMPA. Parathion,Polychlorlnated 
Biphenyls. Phenofzlne Chloride. PronamWe. Safrde. Sllvex, Sodium Arsenite. Sodium CyonWe. 
Sodium Huoroacetate. Strobone. Strychnine. Thallium Sulfate. TOK. Toxophene. Triflurolin. Vinyl 
Chtoride. 

Information compiled from: 

Household Hazardous Waste Curriculum . Environmental Hazards Institute. 

Hazardous Household Products Handbook . Federation of Ontario Naturalists. 

GfoundwQtor Qualltv Protection In Onklnr^d Countv: A SQUrcebQQk fQF TMCherS. 
East Michigan Environmental Action Council. 

Toxics in Mv Home ? i([QuBfitl. Golden Empire Health Ronning Center. 

■Chemteal Hazards in the Garage and Workshop." (poster). Illinois Hazardous Waste Research and 
Information Center. 
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Fact Sheeh Unsafe Hazardous Disposal Practices 



When hazardous chemicals are no longer needed or usable, too old. containers are corrodhg. 
Inherited as part of a family estate, etc.. people are faced with the problem of dispos'ng of them. 
Often tNs Is done by throwing them In a ditch or curbslde. burying them cn their own property, 
bumirjg. throwing them In sewer systems/septic tanks, throwlrg them In the garbage, or continued 
storage. There are potential dangers In all of these unsafe practices. 

• 

Throwing in a Ditch or Cuifoside 

Pets CTKi c»illdren ore most often threatened by this practice. Disposal of ethylene glycol (anti- 
freeze) fet this manner Is a common cause of fatal poisoning of pets since It Is a sweet tasting but 
highly toic'c substarce. People may get these substances on their shoes and bring them Into the 
home. Eventually rain will carry the residues Into the gutters and down to our water supplies. 

Burial of hazardous waste, especially In on uncontrolled site, almost 
certainly means the eventual contamination of water supplies as 
containers wlB corrode, leak, and leach Into groundwater. Waste 
oil. which Is most often buried or even worse dumped directly Into 
sewers and river, has devastating effects. One part oil to one 
million parts water 0 ppm) causes taste and odor problems in 
drinking woter. Oil is contaminated with lead, o lethal metal, by 
gasoline transferred to the crankcase during combustion. Oil is also 
contaminated with many metals from engine wear. 

Burning 

Toxk; fumes con be created under high heat and the mixing of incompatible chemteals. Aerosol 
cons explode when exposed to high temperatures. 

Pouring Into Sewer Systems/Septic Tanks 

Sewer systems operate by having live organisms feed off the bacteria, if sufficient amounts of 
hazardous wastes ore introduced, the organisms will be killed off, thus sending pollutants into wa- 
terways. 

Throwing in ttie Trash 

The trash Is usually pteked up by sanitation wori<Grs and compacted. Many 
cases of serious injury have resulted when chemicals splashed on them from 
the gartxige truck or toxic fumes were created from mixing of various wastes 
by the compactor. Eventually this gartxage ends up In a kandfUl whk:h is not 
designed to contain hazardous wastes. Some of the hazardous wastes sites 
targeted for cleanup by the government were once cojnmunlty kjndfllls. 

Storing 

Storing toxic chemk:als indefinite^ can aisc be a problem. It provideo greater opportunity for 
chiWren to be exposed to the p'Oduct and an Iricreased fire hazard. Containers often corrode 
and leak. 






Adapted from Toxics in Mv Home? You Bet! 
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Whaf s in a Label? 



Earth/Ufe Science 1 Class Period 

Quick Summofy. Students will use sample labels of hazardous household materials to answer 
questions about the proper use. disposal, safe altematlves. and harmful effects on health and 
groundwater. 

Ob)«ctivef: Upon completion, students will be able to: 

1. Locate specific Information from product labels. 

2. Recognize "signal" words that give the hazards of the product. 

3. Generalize from label Infomiatlon the dangers of the product to Immediate health. 

4. Discuss the possible danger of the product to the environment. 

5. Decide If they would use a given product and formulate reasons for this decision. 



Materials: None 
Printed/AV Materials: 
Workslieets: What's In a Label? 

Student Information: (which con be reused by multiple classes) 

Sample Product Labels A-B 
Home Sweet Hazards brochure (2 pages) 

Teaclier Information: 

Answer stieet 

See fact sheets: Household Hazardous Materials 
Toxicants In the Body 

Ur>safe Hazardous Waste Disposal Practices 



Procedure: 

1. Hand out the brochure. Home Sweet Hazards. A Guide to Household Hazardous Materials, and 
discuss. According to Iowa law. this brochure should be available wherever hazardous household 
materials are sold. 

2. Hand out Sample Labels A-B. Present Information about labeling. See the fact sheet. Household 
Hazardous Materials. 

3. Hand out the wori<sheet. What's In a Label? Allow students to complete this. 

4. Conduct a follow-up discussion us'ng the fact sheets. Toxicants in the Body and Unsafe Hazard- 
ous Waste Disposal. (Refer to Hazardous Household Materials activity.) 

5. Collect information sheets for the next class If necessary. 



Product labels from Tnxirs in Mv Home? You Betl . Golden Empire Health Ptannifig Center. 
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What'slnALeitMt? 

AnswefS 



Product A 

1. Toilet Bowl Cleaner 

2. Signal word: danger 

3. Yes. It is dangerous because It produces chemical bums, may be fatal if swallowed, and fumes 
are harmful to breathe. 

4. 90.75% Inert Ingredients which are substances that make the active ingredients easier to apply 
but present no Immediate hazard. They can be harmful, because they may cause long-term 
health or environmental problems. 

5. Coll the Poison Control Center or physician first. 

6. Use dl contents, discard In trash according to label directions. 

7. Do not reuse empty container; wrap in plastic. & discard. 

This is to prevent any remaining contents from leaking out. It will probably go to a landfill. 
Since It is nonbiodegradable. It will remain unchanged for centuries. 

Products 

1. Garden Spray 

2. Can poison by swallowing, inhalation, or skin contact. 

3. From the label you need: what Its dangers ore. how It shoukJ be used safely, and on what kinds 
of plants It should be used. 

4. First akj is under danger and antidote. 

5. Perhaps It should not be put in the gabage or they ore not sure of regulations In various states. 

6. Ask your extenston agent or garden center for organte alternatives. 
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Whaf s In A Label? 

student Worksheet Name 

Product A 

1. What is the product name? 

2. What is the signal word on the front label? 

3. Would you consider this 0 dangerous product? Explain 

4. What is the percentage of inert Irpr dlents? 
What are inert Ingredients? 

Can they be harmful? Explain your answer. 

6. First aid directions (intemol) ore given. If possible, what should you do before following these 
directions? 

6. According to "Home Sweet Hazards," what ore the disposal practices for this type of product? 

7. According to the label, how are you supposed to dispose of the empty container? 
What do you think Is the reason for this kind of disposal? 

What will happen to a container disposed In this way? 

Product B 

1. What is the product name? 

2. What ore the ways that this product con poison you? 

3. What information do you think you would nee^J from the label before using the product? 

4. Where on the label do you find first aid treatment? 

The treatment given. If this product is swallowed, is salt water to cause vomiting. This is proven to 
be a dangerous procedure, causing death In some children because of too much salt, if possible 
what shoukj you do first before given such treatment? 

5. There are no directions for disposal. What reasons would a company have for not giving such 
information? 

6. According to "Home Sweet Hazards,' ' what are ways to reduce or eliminate the use of this type 
of product? 
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Product A 




liquid disinfectant 

TOILET BOWL 
GLEANER 



will not Ymtm 
Mptic tanks 




DANGER: 



ECONOMY Size 



Active Ingredients: 
Hydrogen Chloride 8.50% 
AUyl (67% Ci2. 255S C^^ 
7% Cjg, 1% Cq-Ciq-Cis) ' 

Dimethyl Benzyl Anmonium 

Chlorides 0.75% 

Inert Ingredients 
90.75% 



KEEP OUT OF REACH OF CHILDREN. 
SEE OTHER PRECAUTIONS AND FIRST 
AID ON BACK. 



EPA REG. NO. 777-29-AA 



NET 24 FL.OZS 
(IPT. 8FL.0ZS.) 
(709 ml) 



BockLolMl 

Dir«ctlons: Point an-ow away from 
you when opening or closing cap. 
Place finger under flip top and pull 
to open. After opening the cap 
point the top of bottle down into the 

bowl Close cap securely after 

each use. Rinse brush before put- 
ting away. 

Disposal Direction: Do not re-use 
empty container. Wrap empty 
container in plastic bog and dis- 
card. Will not harm white or colored 
bowls. Will not hann plumbing. This 
product has been specially formu- 
lated for use only in toilet bowls; it 
should not be used or placed on 
toilet lids, vanities, sinl<s, bathtubs, 
etc.; it should not be used with 
chlorine (bleach) or other chemical 
products. 

Danger: Corroslve~produces 
chemical bums. Contains Hydro- 
chloric Acid. Do not get in eyes, on 
skin, or on clothing. May be fatal or 
harmful If swallowed. Do not 
breathe vapor or fumes. Keep out 
of reoch of cNldren. 

First Aid: Intemal-call c physician 
Immediately. Drink a teaspoonful or 
more of magneska, or small pieces of 
soap softened with water in milk or 
row egg wtiite. 

Extemol-Eyes-Wash with water for 
15 minutes. Get prompt medical 
ottentkxi. 

Skin-Wipe off the acid gently. 
Immedk3tely fkxxl ttie surface with 
water, using soap freely, then cover 
with rrioist magnesks. or baking 
soda. 
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Back LcM 




To control: Aphids, spider 
mites, thrips, leaf hoppers, 
and similar sucking insects 




ACTIVE INGREDIENT: 
Nicotine expressed 

as alkaloid 40'= 

INERT INGREDIENTS... 60% 

TOTAL T00% 

DANGER! KEEP OUT OF REACH 
OF CHILDREN! See back for 
other dangers. 



EfA RfcG. NO. 
5697-7 M 



H FL. OZ. 



1 Q ^ 
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Garden spray may be used to control: 
Aphids (plant lice), spider mites, thrips. 
leofhoppers, rose slugs, leaf miners, 
lacebugs, scale crawlers and other 
sucking Insects on roses, gtadloH, chry- 
santhemums and certain other orna- 
mentals. Can also be used on gropes, 
apples, apricots, cherries, peaches, 
plurro and citrus fruit to control certain 
specified sucking insects (see instruction 
sheet). Can be used on peas, toma- 
toes, onions and cabbage to control 
specified insects. 

Use Garden Spray on the form for 
poultry to control chicken lice end 
feather mites. 

Danger: Garden spray is poisonous by 
swallowing, inhalation or skin contact. 
Do not breathe vapor or spray mist. Do 
no get in eyes, on skin, or on clothing. 
In cose of contract, immedkjtely flush 
skin or eyes with water end get medical 
attentkjn for eyes. Launder clothing 
before re-use. 

Antidote: Coil a physician immedtately. 
Give 0 toblespoonfui of salt in a gloss of 
warm water and repeat until vomit fluid 
is clear. Hove victim lie down and keep 
warm. Give strong tea or coffee. Give 
orttfickal respiration if breathing has 
stopped. 

Notice: Buyer assumes all risks of use, 
storage or handling of this material not 
in strict accordance with directions 
gSven herewith. 

Directions: Mix Garden Spray with 
water at the rate of three teaspoonf uls 
in 1 galkjn of water to whteh has been 
added one ounce of soap. Spray both 
upper and lower skjes of folkage thor- 
oughly with this solution. Repeat appli- 
cations when necessary. 

To control feather mite, apply (Sarden 
Spray to tops of the perches three times, 
three days opart at the rate of one 
ounce to 15 feet of roost. Repeat 
treatment when necessary 




Aguide to household 
hazardous materials 



Generaltipson 
hazardous products 



IISCi 

• Read the label and follow directions. 

• Keep unused produds in thek original oonlainer^^ 
The correct label provides directions for use and 
proper poison treatment. 

e Always store in a safe place. 

• Ekjy only wtiat you need. 

• Be aware of tt)e uses and dangers of products. 

If the directions are unclear, contact the manufacturer 
o: dealer before using. 

• hJever mix different products; expiosive or poisonous 
chemical reactions may occur. 

e Use the exact amount specified; twice as much does 
not mean twice the resuliu. 

e Avoid skin contact and breathing fumes. 



MSPOSAU 

• Never dispose ol products cor>taining harmful chemi- 
cals down the drain unless you know they can be 
treated. Many toxic substances disturb septic tanks 
o; pass right through the treatment systems into rivers 
or lakes. 

• Find a friend, neighbor or busir>ess who can use up 
excess products for their intended purpose. 

• in an emergency, see phone numbers on the back. 



PLEASE SAVE AND POST 
FOR HANDY REFEREf^E 



Need help? contact 



EMERGENCY Check your local phone directory 

UNIVERSITY OF IOWA POISON 
CONTROL CENTER 1-800-272-6477 

lb report hazardous sut3stance spills in k>wa 
regardless of quantity 515-281-8694 (24 hr.) 

Househokl hazardous materials 
information 1-800-532-1114 

For informatk)n regarding risks associated with 
exposure to toxic substances. Natural 
Resources Defense Council 1-800-648-NRDC 

Househokl products safety information can be obtained 
from your County Extensk)n Sen/ice 
or write Consumer Product Safety. 
Washington. D.C. 20207 



According to towa law. this togo should appear on the 
retailer s shelf wherever Household Hazardous Materials 
are sokj. The shelf stickers. infornr)ational signs and this 
brochure are all made possible through funds retailers 
pay for a state teense to sell iHousehokJ Hazardous 
Materials and their cooperation in this environmental 
improvement program. 




OF WASTES 
CONSIDERED TO BE 
HAZARDOUS 

• EXPLOSIVE • INFECTIOUS 

• CORROSIVE o RADIOACTIVE 

• TOXIC 

People have always produced hazardous wastes, but 
in Ihe Iwenlteth ceniury the anrtount arKi variety have 
greatly irwreased The kitchen drain and garbage truck 
are no kx)ger viable options for disposal of many ot 
these chemicals. Alternative disposal options must be 
sought such as; 

• recycling 

• uicir>eration 

• community collection programs 

THE GARDEN 

^ PRODUCTS IN THIS CATEGORY INCLUDE: 

Pesticides Insect Sprays Weed Killers 

TOXIC VFECTSt Ail pesticides and herbicides are 
designed to kill specific pests. They are also poisonous 
to people* pels and wildlife. 

tMOAL WARNINOs The (ollowing pesticides are 
now banned from sale or severely restricted in use: 
DOT Aldrin Dieidrin Chlordane 

DBCP Heptachlor Lindane Kepone 
Mirex Silvex 2.4,5-T Toxaphene 

Do not over water, pesticides and fertilizers can run off 
with ihe excess water into nearby stornr) sewers or 
waterways. 

ALTfllNATIVES; Ask your garden center for organic 
alternatives to garden chemicals. When alternatives are 
not available, buy only snr^ll quantities and share the 
leftovers with neighbors and friends. 

INSPOSALi Never dump into any sewers, storm drau is 
Of septic tanks Use all of the product before discarding 
empty container into trash destined to go to a landfill. 
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EXAMaES OF HOUSEHOLD PRODUCTS CONTAIN- 
ING TOXICANTS INCLUDE: 
Oven Cleaners FkxxWax 
Spot Removers Deodorizers 
Furniture Polish Drain Cleaners 

TOXICANTS FOUND IN THESE PRODUCTS ARE: 
Lye Trichloroethane 
Phenols Napthas 
Petroleum Distillates Dichtorobenzene 

TOXIC HFFECTSi Many of these are immediately 
poisonous or accunrwlate to toxic levels in people, fish 
and wildlife, 

ALTERNATIVEti For clogged diains consider boil- 
ing water, snaking with a metal line and/or using a 
plunger. Use biodegradable and tow phosphate prod- 
ucts when possible. 

Baking soda can be used for general cleaning. 
All'purpose cleaner — 4T baking soda. 2 1 pure soap. 
1 qt warm water 

Lemon oil combined with mineral oil can t;e used to 
polish furniture. Other formulas also work well. 
Furniture polish — 1 T vinegar. 1 T olive oil. 1 pt warm 
water This can be put into a spray bottle & warmed in 
the microwave oven before use. 

DISPOSAL: Use all of the product, according to label 
instructions. t)efore discarding empty container in trash. 
Look for disposal instructions on the container. Do not 
put into any drain unless lat>el instructions say to. or 
primary product use is dram cleaner. 



Wastes which are not considered to be hazardous 
include: 

laundry detergents or soaps, dishwashing com- 
pounds, chlorine bleach and f>ersonal care products 
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N THE GARAGE 




TOXICANTS ARE FOUND IN THE FOLLOWING AUFO- 



bngine Cleaners 

Engine-radialor flushes 

Aniilreeze 

RusI Preventatives 



MOTIVE PRODUCTS; 
Motor Oil 
Degreasers 
Batteries 

Car Wax and Polish 
Gasoline 

TOXIC EFFCCTSi Waste oil and antifreeze are toxic to 
people, fish and wildlife. Waste oil contains heavy metals 
like lead and zinc, and petroleum hydrocarbons Pels 
may die after drinking from sweet lasting puddles of 
antifreeze on driveways. 

SPECIAL WARNINQi Dumping waste oil into sewers, 
storm drains or any body of water is illegal. 

DISPOSALi Many local service stations will accept 
waste oil for recycling. 



In THE WORKSHOP & 
HOBBYAREA 

PRODUCTS IN THIS CATEGORY INCLUDE: 
Old Paint Paint Strippers 

Preservatives Art Supplies 

Solvents Photographic 
Brush Cleaners Chemicals 
TOXICANTS IN THESE PRODUCTS INCLUDE: 
Lead Ferrocyanide 
Cadmium Silver 
Arsenic Oxide Hexavalent Chromium 

Asbestos Potassium Dichromate 

TOXIC EFFECTSs Many o: these substances are 
suspected carcinogens, poisor^ous to people and 
animals, or capable of accumulating to toxic levels 
in the environnr)enL 

DISPOSALS Solvents, paint thinners and wood pre- 
servatives, in particular, should not be dumped in any 
sewer system. 

Let used turpentine or brush cleaner sit in a closed jar 
unlil paint particles settle out. Then strain and reuse; 
wrap the waste material and discard in t^^e trash. 
Septic tank systems can handle some photographic 
wastes, as long as the ratio of human to photographic 
wastes IS no less than 10-1 However, solutions with 
sodium Of potassium dichromale must be neutralized 
or filtered befoio dumping m the septic system. 
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Shopping for the Envircr>ment 

Earth/Ufe Science 1 class period 

Quick SuiTunofy: 

Students will make purchasing decisions about products displayed by the teacher based on which 
products ore least damaging to the environment. 

Ob)«ctiv«t: Upon completion, students will be able to: 

1. Classify wast^ as biodegradable or nonbiodegradable. 

2. Compare the relative energy use for producing and/or usir>g some household products. 

3. Identify the relative pollutlon potential of some household products. 

4. Classify some household products as hazardous or nonhozordous. 

5. Classify waste as recyclable, reusable, renewable or r^one of these. 

Materiois: 

Products (Sea attached list) 

Printed/AV Materials: 

Student Shopping List 
Teacher's Product Ust 
Teacher's Discussion Sheet 

Procedure: 

1. Lay out products on tables before students arrive. 

2. Hand students their ''shopping list" and direct them to write their product choice in the second 
column. They ore not to write in the third column yet. 

3. The students are to moke their chotee based upon which product they believe is best for the 
environment. They ore encouraged to read labels to took for clues but ore warned that the label 
informatton may not be enough to moke an informed choice. They will need to rely on their own 
knowledge and common sense, 

4. Students are encouraged to talk with others about their choices as they do their shopping. 

5. Shopping will take 20-30 minutes for most students, then the remainder of the class period (and/ 
or a portion of the next) con be used for discussion. Refer to the discussion sheet. 

6. Students may rate their own ability to moke good choices by writing the Eco-rating for the 
products they chose in the third column during the discussion. 
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Shopping for the Environment 

student Chopping List 



Name 



Hem 


YourCtioice 


Eco-roting 


Apples 






Ught Bulbs 






Bread 






Candy 






Bug Killer 






Soda Pop 






Carrots 






Toilet Paper 






Fist) 






Window Cleaner 






Hair Spray 






Paint 






Detergent 






IVIiik 






Picnic Plates 







Shopping for the Environment 

Teacher's Product List 



Jlfim Product Choices 

Apples Canr^ed applesauce-Fresh apple 

Ught Bulbs 76 watt--40 watt 

Breod (French) Wax paper wrap-Foil wrap 

Candy Large bar. paper wrap-Bag of small bars, foil wrap 

Bug Killer Roach motel-fly swatter-Aerosol spray insecticide 

Soda Pop Can-Gloss bottle 

Carrots Canned carrots-Fresh carrot 

Toilet Paper Printed and colored-White 

Fish Frozen raw flllets-Pre-cooked. shaped, breaded, frozen 

Window Cleaner Pump spray-Aerosol 

Hair Spray Pump spray-Aerosol 

Paint Oil base can-Oil base aerosol spray-Latex base can 

Detergent High phosphate-Low phosphate, biodegradable 

Milk Plastte jug-Paper carton 

Picnic Rates Paper-Foam plastic 



Note: Student interest in this activity Is greatly enhanced by full packages of real products. 
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Shopping for the Environment 

Teacher's Discussion Sheet 



Introduction 

When choosing what to buy at the store, people rely on many different criteria. Some always 
choose the least expensive Item, while others (for whatever raason) always choose the most ex- 
pensive. Some look for the best value, some a certain brand, and still others will consistently 
choose the blue one. In this exercise the students are asked to disregard their normal chotees and 
to choose the product whteh Is best tor the environment. No coaching is provided tor what *'best 
for the environment" means. The students are encouraged to pick up the products and to read 
the kabels but they wlH also hove to rely on their own knowledge and experience to make good 
choices. Factors of recycling, energy, pollutton and others will enter Into their decisions. 

The students write their choices on their shopping lists and then rote their own decisions as the 
follow-up discussion goes on. 



Product Discussion: 



Item 

Apples 



Light Bulbs 

Bread 

Candy 

Bug Killer 

Soda pop 



Choose the fresh apple which requires much less energy and resources to 
bring to you. 

Score Canned « +2 Fresh = +1 

Choose the 40 watt bulbs whteh use less energy 
Score 75 watt « +2 40 watt = +1 

Choose the paper wrap which is biodegradable 
Score Foil « +2 Paper «+l 

Choose the targe bar whtah has less (bkxlegradobie) wrap than the small 
bars 

Score small bars = +2 Large bar = + 1 

Choose the fly swatter whk:h may be reused many times or the roach 
motel which is oil biodegradable and non-toxic 
Score Spray * +3 Fly swatter or Roach motel « + 1 

Choose the bottle whteh may be reused many times then recycled. The 
can is only used once and is from a more scarce and energy expensive 
resource. 

Score Con* +2 Bottle «+l 



Carrots Choose the fresh carrot (See the apple discussten) 

•Score Fresh «+l Canned « +2 

Toilet Paper Choose the plain white because the dyes are chemtaal poiiutants for 

ground and water 
Score Cotored « +2 White «+1 

Fish Choose the fresh frozen fillets which require much less energy to process 

and prepare 

Score Fresh frozen fillets « + 1 Pre-cooked » +2 



Window Cleaner Choose the pump spray whteh does not contain polluting propellents and 

wastes much less chemteal into tt^ air 
Score Aerosol » +3 Pump » +2 (Both contain toxins) 
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Hair spray 



Choose the pump spray which does not cor^tah polluting propellents and 

wastes much less chemical into the air 

Score Aerosol « +3 Pump « +2 (Both contain toxins) 



Paint 



Choose the cans over the aerosols (See above) 
Score Aerosol = +3 Cans « +2 



Detergent 



Choose the low phosphate biodegradable for less wat& and soil (ground 

water) pollutbn. 

Score High P a +2 LowP»+l 



Milk 



Choose the paper carton because It is biodegradable 
Score Plastic jug = +2 Paper » + 1 



Picnic Plates 



Choose the bbdegrodot le paper 
Score Plastic foam = +2 Paper = + 1 



Score: The best (lowest) score pos5ible is 17. 
Questions for cBscusslon: 

1. None of the products were given on Eco Rating of zero even though they were fresh or non- 
polluting. How do you explain this fact? 

Answen All products require resources and energy to deliver them to you. therefore oil have some 
environmental cost. 

2. What is the meaning of the following terms? 
Biodegradable 

Toxic- 
Recycle- 
Reuse- 
Pollutlon- 
Resources- 

Conservatlon (Conserve> 

3. In what way is reusing products better for the environment than recycling? 
Answer: Requires less energy and resources. 

4. In what way is recycling materials better for the environment than throwing away the old and 
making new? 

AnswoR Uses less energy and resou*- :;es. creates less solid waste and pollution. 

5. When choosing whet to buy. what criteria do you rely on the most? Would you ever use the 
"what Is best for the environment" criteria alone without regard to other factors? 

6. How do dyes and other chemical toxins tjet into the ground and surface water supplies? 
Answer: They percolate through the soil or enter through untreated waste and poor management 
practices. 
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There Must Be a Better Wayl 



Earth/Ufe Science 1 /2 class period 

Quick Summary: Students will list alternatives for discarding items. 

Obj«ctivM: Upon completion, students will be able to: 
1. List alternate uses for Items discarded in tlie troshi. 

Matofi'als: None 

Pfint«d/AV Materials: 

Workshieet 

Overheads: Let's Do Away Withi Trash 
Ten Ways to Reduce 



Procedure: 

1 . Have students complete thie workshieet. Chiallenge thiem to not repeat any answers-othierwlse 
many may just use recycling for almost everytrilng. Remind thiem to be practical. If students hiave 
trouble generating ideas, let thiem read Ten Ways to Reduce. 



Hem Wova to Reduea Amount o r gllmlnote From the Lqndfllt 

a. Notebool< paper Use botti sides or recycle 

b. Paper napi<ln Clothi Napl<in 

c. Disposable diaper Clothi dtaper or diaper service (someone else washies thie clothi diapers) 

d. Workstieets Use bothi sides or a blacl<board or slates or recycle 

e. Newspaper Stiare withi a friend or recycle 

f. Kleenex , Handl<erchief 

g. Plastic sandwichi bag Reuse It a use waxed paper 

h. Plastic garbage bag Use grocery sacl<s or shopping bags instead 

L Lawn clippings Compost, or cut grass hiighier and leave on the lawn 

j. Moldy bread Compost 

k. Pop can Recycle 

I. IVIayonnaise jar Reuse or recycle 

m. Old shirt Give it to Good Will or other second-hand clothing outlet 

n. Broken toy Fix It 



2. Use overheads to discuss waste alternatives. In 1989. a law was passed on Waste Volume 
Reduction and Recycling with the goal to reduce the amount of materials in the waste stream .£^5% 
by 1994 and 50% by the year 2000. What will your students do to help reach that goal? 

Alternafive: 

Brainstorm ideas for the worksheet as a class. 
Exter»ion: 

Hove students survey their garbage at home or school and list the materials tt^rown away in one 
day. List alternatives for the specific items found in the gart^age. 
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Thm Must Be a Better Way! 

student Woricsheet Name 

For each Item below, write at least one way that will either put less In the landfill or keep It out 
completely. Moke sure your alternatives are practical. Try not to use the same answer twice. 

Ufim Ways to Reduce Amount o r Eliminate From the Landfill 

a. Notebook paper 

b. Paper napkin 

c. Disposable diaper 

d. Worksheets 

e. Newspaper 

f. Kleenex 

g. Pkastic sandwich bag 

h. Plastic gartxjge bog 

i. Lawn dippings 
j. Moldy bread 
k. Pop can 

I. Mayonnaise Jar 
m. Old shirt 
n. Broken toy 

List three things you p'an to do this week to put less in the garbage. 



Let's Do Away With Trash 

Overhead 




Figures from EPA Municipal Waste Stream Analysis, by Franklin & Associates. 

«^ , , . BEST CJ?Y flVfilLAHE 



Ten Ways to Reduce (Solid Waste, that is) overheod 

1. Buy products that wiii last. Read and evaluate the 
warranty. 

2. Buy products in recyclable, returnable, or refillable 
containers. 

3. Don't buy Items that are disposable such as pens, 
razors, diapers, etc. 

4. Don't buy excessively packaged items. 

5. Buy in larger quantities whenever possible as these 
use less pacicaging per ounce. Toothpaste is a good 
example. (Hazardous chemicals are an exception 
buy only what you need of these.) 

6. Cooperate in recycling projects by separating cans, 
bottles, newspapers, etc. 

7. Buy products packaged in recycled materials. 

8. Use less paper. Don't use paper plates, write on 
both sides of the paper, use scratch paper for notes. 

9. Reuse products. Find another 
use for items. If you really don't 
need an Item, take it to a garage 
sale, exchange it, or donate it to 
charity. 

10. Pass on the good news. 
Influence others to reduce. 

11 c 




Lef $ Recycle (Paper) 

Ufe Sciencd 



1 1/2 class periods 



Quick Summary: Students will recycle used paper ar^d compare the er^vlror^mental effects of 
manufacturing paper from trees to the recycling process. 

Ob|«cttv«s: Upon completion, students will be able to: 

1. Recycle paper from used paper. 

2. Compare energy usage of manufacturing paper from trees to the recycling process. 

3. Discuss the effects of the use of trees for paper production on the environment. 

4. Formulate ways of reducing paper usage. 

Mcrtertols: per group: 

Used paper (torn into swaW pieces) 

Newspapers (for blotters) 

Flat dish (rectangular pyrex cake dish works well) 

Bowl (c opacity of at least 4 cups) 

Egg Beater (A blender 1$ faster and more effective) 

Screen (fine mesh , cut to size of glass dish) 

Starch (2 tsp or 5 mO (optional-makes paper stronger) 

Pkastte sheets (pieces of plastic large enough to put recycled paper on to dry) 

Hot water (2 cups) 

Jar or rollino pin 

Cup or beaker (for measuring) 

Teaspoon or graduated cylinder (for starch if used) 

Printed/AV MciwHU^ 
Worksheet: Let's Recycle 

Teacher InformoHon: , ... 

The process for recycling paper Is fairly simple. There are many different variattons in the methoas 
used. As long as the paper is in pieces, mixed until it is just woody fiber, the water is taken out. it is 
spread out evenly, flattened, and allowed to dry; the methods of doing this can van^. Many roll 
the pulp between btatter paper and iron it dry with a ctothes iron. Any kind of paper works as long 
as it does not have a finish on it. Students can be creative by adding food coloring, grass, leaves, 
flowers, etc. either before the paper/water mixture Is blended or Into the pulp after It is mixed. 

Paper is recycled by shredding it. mixing it with water, and beating the mixture to a mush-like pulp 
which flows onto a moving screen through which most of the water passes. The fibers ore pressed 
by heavy rollere thot remove more water and then It is sent through heated dryers. This Is used in 
newspaper, cereal boxes, tissue, writing paper, etc. 

Newspaper is most easily recycled. The commercial sector took the lead in recycling years ago in 
recycling corrugated cordboard to reduce disposal costs. Government offkjes and industrial 
offices collect and recycle offtee paper to save cost. This Is a high grade paper that can be used 
in making writing and computer paper and paper towels. Mixed paper (food packaging, maga- 
zines, etc.) is low grade and does not have much of a demand. The 6000 tons of Junk mail that 
Americans receive each day fits in this category. 

DID YOU KNOW? 

1 . Recycling a stack of papers three feet tall saves one tree. 

2. Recycling a ton of newspaper consen/es three cubte yards of landfill space. 

3. Recycled paper required 61% less water, produces 70% fewer pollutants, and saves 65% more 
energy than paper made directly from trees. 

4. We Americans still only recycle 27% of our paper. 
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Pfoc#dur#s 

1 . Hand out Let's Recycle worksheet. Describe ttie basic steps Evolved, uslr^g the necessory 
equipnnent. 

2. Break the studer^ts Ir^to groups of 3-5 to do the paper-making activity. The paper-making proc- 
ess and cleanup will probably take a class period. Of using a blender, you might want to Wend the 
paper mixture for each group.) 

3. Have students answer the questions either as homework or In the next ckass period. 

4. When students have completed the worksheet, discuss the answers to the questkDn: 
Answefs: 

1 . Energy Is used to transport the paper to and from the plant, to shred and mix paper, and to 
dry the recycled paper. 

2. Yes. More energy Is used to moke paper from trees. Energy Is used to cut down trees, 
transport them to the proces5lr>g plant, process, and tronsiDort to the manufacturer. 

3. Recycling paper consen/es a renewable resource (trees), reduces solid waste, conserves en- 
ergy, and reduces air pollution. 

4. Careful togging has little or no harmful effect on the environment. Forests may b© replanted 
OS they are harvested provWIng continual renewal of the resource. However, careless logging, 
overhan/esting without reptantlng. tropical deforestation, and similar practices may lead to ex- 
tensive eroston. habitat destruction and disruptton of weather patterns. 

5. Examples of reducing paper waste: using less paper, using both sides of paper, reusing 
boxes and paper sacks, using cloth nopklra and handkerchiefs, etc. 

6. When the paper Is di /, altow students to decorate their paper if desired, and display these. 
AttemoHve: 

IVlcke paper as a demonstration. Use larger amounts and bigger equipment. .A blender can still 
be used to change the mixture to pulp. Blend several batches end put them together. 

Extensions: 

1 . Keep track of how much pcper Is thrown away In the classroom for a week. 

2. Have c 'X)x for reusable scrap paper. 

3. Have a newspaper drive to collect and take paper to a group or place that gathers it for 
r6cyclinQ. 

4. Have each student design and carry out a creative use for a brown paper grocery sack. Dis- 
play the appropriate designs. 

Paper making adopted from LfitiReCiffilfl. Other facts obtained from: Qjicqr'fi Options, Waste 
pftfl jiirflnn nnri Pflrvcllrv!! Methods . Troish Monster , and A-W^Y With WOStQ- 



Lef s Recycle 

student Workstieet 



Name. 



Purpose: To recycle used paper Ir^to r^ew usable paper. 



Materials: ' 

Used paper 
Newspaper 
Flat dish 



Starch (opttor^al) 
Plastic sheets 
Hot water 
Jar or rollhg pir^ 
Cup or beaker 

TeasfDoon or graduated cyllr^der 



Bowl 



Egg Bealer 
Screen 



Procedure: 

1. Have several layers of newspaper ready to use as a blotter. 

2. Tear sheets of paper Into small pieces. 

3. Put about 1 cup (250 ml) of shredded paper Into 2 cups (500 ml) of hot water. 

4. Beat the mixture until It has a creamy-watery consistency. (Mix In 2 tsp (5 mD of starch If you 
want stronger paper) 

6. Place the screens In the bottom of the dish and pour the pulp over it. 

6. is/love the screen around to spread out the pulp evenly. 

7. Lift the screen up. let It drip, and place It on tayers of newspaper. 

8. Put more layers of newspaper on top. 

9. Roll a rolling pin or jar over this to squeeze out the water. 

10. Take off the top layer of newspapers. Put your hands under the bottom newspaper and flip 
everything over onto a piece of plastic. The paper pulp should now be on the bottom with the 
screen and newspaper on top. 

1 1 . Carefully remove the newspaper and screen. 

12. Race the pulp, still on the plastic. In a place to dry for a couple of days. 

13. Clean up your equipment and answer the discussion questions. 

Discussion: 

1 . The process that you jusr used Is basically the same when paper Is 

recycled In large quantities. When paper Is recycled, for what purposes would energy be used? 



2. Do you thlnl< more energy Is used to mal<e paper from trees? Explain. 



3. What are the benefits of recycling paper? 



4. Americans use a total of 50 million tons of paper per year and because paper is made from 
trees, that means we use 85 million trees per year for paper alone. How does cutting trees for 
paper affect the environment? (Include the effects on wildlife, water, soli, and air). 



6. Paper Is 50% of the nation's waste. Recycling would cut down the amount of paper waste. 
What are some other ways of reducing paper waste? 



m: 
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Not Everything Made From Scratch Is the Best (Aluminum) 

Earth Science 1/2 class period 

Quicic iwnmaiy: Students will compare the environmental impacts of producing c!:jminum from 
on ore versus recycling. 

Obj«ctiv«s: Upon completion, students wiil .be able to: 

1 . Suggest reasons for the success of aluminum recycling. 

2. Generalize from information given, ways that energy is used in the aluminum-making process. 

3. Formulate a list of the benefits of recycling aluminum. 

Materials: None 

Printed/AV Materials: 

Worksheet 

Teoctier Information: 

Americans throw away 66 billion cans yeariy. Not all cans are aluminum. Aluminum cans are 
seamless and usually have label Informatkjn printed directly on the metal. There are also bimetal 
carw (aluminum top with a steel body) and tin cans (99% steel). 

The aluminum recycling process is fairty simple. First a magnet removes any steel cans, then tlie 
aluminum cans are flattened and shredded and made Into pellets or balled. These are sent to a 
smelting plant where they are melted, the impurities are skimmed off. and the metal is poured Into 
molds and cooled. These go to a manufacturer who hot rolls them Into sheets for use In cans, etc. 

ether metals besides aluminum are recycled. Metals are divided Into ferrous (containing Iron and 
magnetic) and nonferrous (without Iron). Recycling ferrous metals is a huge Industry and world 
trade in this type of scrap metal is well over $ 1 1 billion dollai? in comparison to $600 million for 
aluminum. Cars (3 million junked yeariy in the U.S.) are a big source, but Iron is also recovered from 
food and beverage containers. Recycling s-teel reduces energy consumption by 74%, air pollutants 
by 86%, vyater use by 76%, and mining wastes by 97%. 

A BTU Is a measure of energy and is defined as the amount of energy needed to raise 1 lb of water 
1 degree Fahrenheit. 

Procedure: 

1. Hand out the wori<sheet. 

2. If students are not familiar with BTU's as a term for energy, briefly explain. Students need to also 
know what is meant by a nonrenewable resource, recycling, and biodegradable. 

3. Allow the students to wori< Individually or in learning teams on the worksheet. 

4. When students hove completed ihis wori<sheet. discuss the answers. 

1. 94,614 lbs.; 47.3 tons 

2. Bauxite 

3. Carbon dtoxide-is necessary for plant growth, but can be harmful if too much collects in 
the atmosphere and traps the heat, producing the greenhouse effect. 

4. Aluminum recycling's rekative success is due to: its higher economic value; the aluminum 
Industry's support fo recycling because of concern for domestic amounts of bauxite; aluminum 
cans easily collected, and "bottle return" laws. 
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6. Petroleum coke and pitch. 

6. Energy Is also used In mining bauxite and other materials, transportation of raw materials to 
the processing plant, transportation of processed aluminum to the manufacturing plant, and 
transportation of the product to the consumer (sometimes through various distributors). 

7. Recycling benefits Include: conservation of land from mining practices; reduction In sdld 
waste; reduction In litter; conservation of nonrenewable resources; reductton In air pollution; 

• reduction In water pollution from mining practices and from less use of landfills. 

5. Extend the discussion Into recycling of other materials. 
Extensions: 

1 . Conduct a debate on the advantages and disadvantages of the "bottle deposit law. 

2. Have students Inten/lew a person who operates a beverage container collection point such as 
a grocery store. Possible Interview questions: What ore the handling procedures of the containers 
while at this location? Are there any problems associated with this? Do they get compensated for 
sen/lng as a dropoff center? If so, how much? Where do the containers go from there? 

(If they ore transferred to another facllty m your community, conduct on Interview thiere.) 

3. Have a person who operates a collection center for beverage containers come and talk to the 
cbss. 

4. Discuss ways that we con cor^rve on the use of metals. 

Oscar's Potions. Let's Recycle , Waste Reduct inn and Recycling Methods, TrOSh Monster. 



Hi 
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Not Everything Made From Scratch Is the Best 

Student Worksheet 



Name. 



Recipe for one tnn of aluminum 

81 .766 pounds bauxite 

} 1 020 pounds petroleum coke 

966 pounds soda asti 

327 pounds pitch 

238 pounds lime 

process v/lth 197 mllton BTU's of energy 




1. How many pounds of material ore required to moke one ton of aluminum? 
How many tons Is this? _tons (round to the nearest tenth) 



.lbs 



2. What Is the Ingredient that Is used In the greatest quantity? 

3. What is ttie pollutant that goes into the air In the greatest quantities?, 
Is this pollutant harmful to our environment? If so. how? 



Aluminum Is mooe from bauxite, a nonrenewable natural resource. The United States is one of 
the largest manufacturers of aluminum but does not hove large supplies of bauxite. Some bauxite 
is mined In Arkansas. Alabama, and Georgia, but most of the ore comes from foreign places such 
OS Guyana and Jamaica. 

Bauxite lies near the surface, and most of it is mined by open pit method. Explosives are put in 
holes drilled In the bauxite and the ore Is blasted toose. loaded on trucks, taken to ships or railcars, 
and hauled to plants. 

4. More than 50% of all aluminum cans ore recycled, but all aluminum products such as lawn 
fumiture and pie pons can be recycled. Aluminum recycling los been more successful than any 
other program. What do you think ore the reasons fcr this success? 



5. Does the recipe include any other nonrenewable resources? If so what are they? 

6. Besides the 197 million BTU's of energy needed to actually make the aluminum, in what other 
ways do you think energ/ was used In the whole process of getting aluminum from the earth to 
the consumer? 



7. Aluminum con be recycled tor 96% less energy than it takes to produce it from "scratch". Be- 
sides this saving In energy, what do you think might be five other benefits of recycling aluminum 
rather than manufacturing it from bauxite? 



a) 
b) 
c) 
d) 
e) 



DID YOU KNOW? 

• Each American uses 56 pounds of aluminum per year. 

• If you drini< ^A^o aluminum cons of pop per day and fail to recycle the cans, you are wasting 
more energy than a person in a devekjping country uses In one day. 

• Twenty recycled cons con be mode for the same energy as one new one. 

• It would take an estimated 600 years to break down an aluminum can in a landfill. 
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Plastic Is A Problem 

Earth/Ufe Science 1 /2 class period 

Quick SuimKify: Students will read an essay about recycling plastic and producing btodegrad- 
able gaiixige bogs (new technologies in Iowa) and answer discussion questions. 

Objectives: Upon completion, students will be able to: 

1. Define biodegradable and nonbiodegradable and give examples of each. 

2. Evaluate the benefits and concerns about biodegradable garbage bags. 

3. List the benefits of recycling plastic. 

4. Devise a plan to promote and carry out plastic recycling In your community. 

Materials: None 

Printed/AV Motericb: 

Wori<stieet 

Teoclier Infoimation: Plastic Recycling Suggestions for Schools 
Overhead: Enduring Litter 

Teacl)«r informoHon: ^ 

About 80% of oil plastic (thermoplastics) can be remelted and reformed but 20% cannot be re- 
formed. In most processes, plastics must be recycled with like plastics because different polymers 
do not stick to eoch other. Recycling plants receive the baled color-sorted bottles. They are then 
ground up. fed through on air cyclone separation to remove paper, gravity separated to remove 
the aluminum and the high density pkastic of the bases, washed with caustic odd to remove 
adheslves. and sent through a water flotatton system to separate usable and unusable plastics. 
The usable piostte (polyethylene terepholkate-PED is shredded, chopped, and mode Into pellets 
whk:h are used to manufacture polystyrene fiberfiil for jackets and sleeping bags. 

Procedure: 

1. Moke sure students hove a working definition of nonrenewable resource. 

2. Hand out the wori<sheet. Hove students read the essay and answer the questions either indi- 
vidually or in leaming groups. 

3. Discuss student responses: 

1. Tape and milk jug. 

2. Materials that con be broken down by microorganisms. Wrapper, sock, math paper. 

3. The microorganisms can't get in the bog. and there is not enough air and water for them to 
survive in the bag. 

4. Mari<et for com. create jobs, hove bags that degrade in our landfills. 

5. Some environmentalists are concerned that the dust-like pkastic partteles will get Into our 
water and air. creating another problem. Others think that promoting the use of com encour- 
ages destruction of habitat and soil erosion. Other questions include: Will they start to decom- 
pose while sitting on the lawn? Will they be as strong? Also, biodegradable plastic bags are 
estimated to cost 5-10% more than nonbiodegradable bogs. 

6. Keep It out of landfills, cut down on litter. provWe more emptoyment. save energy. 
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7. The long-term cost will be greater because of handUng of nonbloclegradable materials In 
. landfills, cleaning up litter, expended nonrenewable resources* pollution of groundwater be- 
cause of continued need for landfills. 

8. Collect and sell our plastic containers to a plastic recycling company, so we con save 
money for waste disposal. 

9. Recycling ptastic Jugs hove much more potential for reducing the volume of waste In 
landfills. 

4. Use the overheod. enduring litter, to show how long various Items remain unchanged in landfills. 
Extensions: 

Hove a plastic milk Jug drive to collect Jugs to be recycled at Iowa Falls. 

References: "Milk Jugs Become Pork Benches." inwn energy Bulletin: "The Plastic Trash Bag That 
Ate Des Moines." Pes Moines Register . March 3. 1988; Oscar's Potions: Let's Recvcie.- A-WayWlth 
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Pkstlc is A Problem 

Worksheet 



Name. 



Iowa Companies Taice The Lead In Rnding A Solution 

Stop! What's going to happen to that plastic bag full of trash that you just stuffed Into the garbage 
can?...a garbage collector. OK, but what then?...a landfill. I?ightl But what then?...burled. Yes, 
but what then? You're not sure? 

You thinic you've heard sometWng about plastic being noi (biodegradable? Do you icnow what 
that means? Did you icnow that if you could come bacl< In a couple of hundred years and dig up 
that tandfili. that ptastic bag wlli still be there? You'd be able to recognize that socl< with the hole 
where your big toe went, the wrapper from the bubble gum with the watermebn flavor, the bone 
from that chlcl<en leg you had for dinner, the iviichael Jacl<son cassette tope that your little brother 
ruined, the math paper that you spilled pop all over, and the jug that didn't quite hove enough 
mill< left for your cereal. 

The plastic bOQ would still be there because it Is nonbtodegrodabie. It cannot decay because It 
cannot be brol<en down by microorganisms. Archer Daniels Midland, a company with plants in 
Cedar Rapids and Clinton, Is trying to solve this problem. This company is using a technology 
brought from England that blends about 6 % cornstarch with plastic for garbage bogs. This sub- 
stance is sent to a company In Missouri that produces bogs that are at least partially biodegrad- 
able, leaving dust-lilce particles of plastic. 

However, some research suggests that garbage In landfills-no matter what it is bagged In-wili not 
decompose very well. Conditions In a tandfili are not as good for decomposition as they ore in a 
compost pile. Research is presently being conducted to checl< unanswered questions concerning 
the effect of the remaining dust-lil<e particles on the environment. 

Remember that mill< jug in your garbage? It is also nonbtadegrodoble. A company located in 
Iowa Foils Is talcing another approach to the plastic problem. The president of Plastic Recycling Inc. 
started the company because he could not get piostic particle board for hog confinements in the 
United States. He researched the technology that was used in England to malce this product and 
developed the process that he now uses at his recycling ptant. Plastic products such as your mill< 
jug. are recycled and mode into cor stops, parte benches, fence posts, and other molded prod- 
ucts. 

Both of these companies are pioneers in their field and ore using technologies that are at least the 
beginning of a solution to the plastic problem. 

Discussion Questions: 

1 . Plastic is nonbtodegrodabie. What other items in the garbage bag mentioned In this essay are 
nonbiodegradable? 



2. Define biodegradable. 



What irems in the garbage bag are biodegradable? 



Plastic Is a Problem Worksheet, page 2 



3. If ttiese Items are biodegradable expialr^ what would cause them to be urx;hanged after 200 
years? 



4. The Archer Daniels Midland Company could benefit lowans In many ways. List three. 

5. In 1989. the Iowa Legislatufe passed a bill that by 1992 will prohibit land disposal of nonde- 
gradable plastic grocery bags or trash bags, unless the Department of Natural Resources deter- 
mines that degradable plastic bags pose on environmental hazard. What could be some environ- 
mental concerns about biodegradable plastic bogs? 



6. Plastics are part of the petrochemical Industry which means they are made from natural gas 
and crude oil. The use of plastic beverage containers alone increased from 15 million In 1967 to 
12.5 billion In 1985. Research shows that consumers prefer plastic containers of all kinds. Even such 
things as ketchup, salad dressing, and Jelly come in plastic. List three benefits of recycling plastic in 
Iowa. 



7. Pkastte Recycling Inc. gets much of Ihe waste plostk: It uses from Chk:ago. It was costing Illinois 
$1000 a week to landflll this plastte. The cost of recycled plastte products at this time may be higher 
but the long-term cost Is much lower. Expkain what Is meant by this statement. 



8. Iowa is not taking full advantage of the opportunity that plastic recycling companies offer. How 
could lowans benefit more fully? Be speclfk:. 



9. Whk:h woukJ reduce the volume of waste in a kandfill 1 1 lOre: recycling piostk: jugs or using 
biodegradable plastte bogs? 
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Plastic Recycling Suggestions for Schools _ , ^ 

(based on the POPULAR project In Hamilton. Webster and Wright Counties) 

by Jean Eells. Hamilton County Conservation Board 

1. Rnd 0 way of boHng. or grIndlnQ. shredding, and denslfying the plastic bottles to reduce the vol- 
ume of space needed for transporting the plastic. Businesses owning balers can be large grocery 
stores, scrap metal buyers, or any store which ends up with a sufficient quantity of cardboard 
waste that 

they bale and sell. Offer to learn to run the baler and do the work at a convenient time for them. 
Perhaps they wlH be Interested In a short-term project but not a long-term one. 

2. Arrange a location to store the baled plastic In sufficient quantity to moke d profitable kDOd to 
sell. Think about the size of a semi trailer and look for that amount of space. It isn't cost effk:ient to 
haul smaller quantities unless two or three small amounts con be picked up in nearby towns. The 
Iowa Falls compare. Polymer Products, will ptek up a truck toad from you. 

3. You will need storage for bottles before they ore baled other than inside the school. A good 
sized horse trailer works well for this as you con hold a tot of bottles-it will take a lot of bottles to 
make a bale depending on the size baler you con use. A coupte of 4 cu. yd. dumpsters might 
hold enough for a bole If the bottles ore crushed (stomped on!) ahead of time. 

4. Odor Is not a problem InskJe the school If you enforce a basic ruie...the jugs must be clean end 
dry and be able to pass a "sniff" test before credit Is given. Eventually students con be the "snif- 
fers" and monitor the incoming jugs each day. Teach them to rinse the jugs at home in cold water 
OS the coto water seems to dissolve the enzymes better and prevent odor problems loi er. 

5. An inexpensive way of handling the jugs rather than using garbage bags ail the time, is to tie a 
string to the handte of one and thread the rest on the string. The whole string of jugs con be tossed 
into the baler and baled. 

6. The schools whtoh ran in-school competitions gathered in the most jugs. The most effective 
visible means of encouraging the collection Is to use bar charts on the wall and update the charts 
dally or weekly. Even the kindergarteners will ieam to read the charts to "see who Is ahead '. The 
chart con be a basis for story problems unique to each grade level moth. For example, how many 
jugs does the 4th grade class need to cotch the 3rd graders? If the 4th grade students bring on 
average of 6 jugs per day, how many days will It take them to catch the 5th graders. How rTjany 
cubto yards have we kept out of the tandfiil If each bale weigh 50 pounds and Is 32'x36'x22'? etc. 

7. The student's excitement (encouraged by you letting them know thcf they are doing something 
very valuable. Indeed!) can be used for lessons oil across the curriculum. News reports can be 
written and sent home, other studies about recycling con be done in science, etc. 
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Enduring Litter 



UtMr at tiM roMbidt is ugiy. How long it will stiy iMfor* dteaying nvy ba an ufly MrpriM. 



I month 



6 months 



10 y^ars 




TRAFFtC TICKET 
2*4 woeks 



COTTON RAG 
1'S months 



ROPE 

3-14 months 



WOOL SOCK 
1 year 



BAMBOO POLE 
1'3 yaars 



PAINTED WOODEN STAKE 
13 yaars 



100 years 



TIN CAN 
100 years 



ALUMINUM CAN 
200-500 years 



PLASTIC 
- 6'PACK COVER 

450 years 

GLASS BOTTLE 
undetermined 



SourcB Book of Lutj 2 
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Composting 



Ufe/Sclence Rrst day; 1 /2 class period 

Second day: 1 class period 

Quick Summaiy: Students will visit a compost pile to discover Its composition, how tt is managed, 
and Its function. TTiey will sample ttie organisms in ttie pile and will Identify and sort ttiem using a 
microscope or magnifier. 

Ob|«ctivM Upon completion, students will i^e able to: 

1. Describe the construction, components, products, and purposes of a composting operation. 

2. Smelt and feel the composted organic material. 

3. Classify the living organisms from the compost obtained by using a Beriese funnel. 

4. Relate composting to maintaining cleon groundwater supplies. 



Materials: 

Small bags of organic waste (grass clippings, food waste, leaves, saw dust, coffee grounds, etc.) 

Plastic bags for resuming compost samples to the lab. 

Beriese funnel ai^paratus or substitute (see attached diagram). 

Magnifiers or binocular stereomlcroscopes. 

Tweezers, dissecting needles. 

Isopropyi alcohol 70% (commercial rubbing alcohol) 

Vials or baby food jars for specimens 



Printed/AV Materials: 

Student Intomnation: Compost Critters 

Othen identification material for soli organisms (optional) 



Procedure: 

1. Identify a compost pile that your class may visit In the neighborhood of the school; obtain 
permission. 



2. Tal<e bogs of organic waste with you to the 
compost pile. Throw the waste on top of the 
pile. 

3. Dig Into the base of the pllt to reveal the 
composted material. Have the students feel and 
smell the compost. Compare it to the waste you 
threw on top. 

4. Hove the students collect a double handful of 
compost material to take bacl< to the lab for 
examination. 

5. Put the comp>ost material in the Beriese funnel 
apparatus and aUow It to process overnight while 
the soli organisms fall Into the alcohol below. 

•••Safety"* 

Caution: alcohol Is poisonous and flammable. 
Follow the cautions on the container. Always 
pour from the original container or a safety 
container. Compost plies sometimes harbor 
harmful pathogens. Students must wash their 
hand with soap and water after handling com- 
post especially if the pile contains animal waste. 



Beriese funnel apparatus for sorting 
organisntt from compost 

The funnel may be metal or plastic (or a 
one-golton jug or two-liter soft drinic con- 
tainer with the bottom cut out). The light 
bulb should be close but should not touch 
the ringstond. Odinary window screen Is 
too small for the funnel. Use hardware cloth 




— OPTIONAL REFLECTOR 

— 40w BULB 

FUNNEL 

— COMPOST MATERIAL 

— 1/4" HARDWARE CLOTH SCREEN 

— JAR 

— ALCOHOL 
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6, The fdtowlng dc/ return the compost material to the pile and then use the magnifiers or micro- 
scopes to Identify the organisms four^d. 

7, Sort the organisms Into viols of alcohol by the types showr^ on the Compost Critters page. 

8, Students draw and r^ame the orgor^lsms they found. 

9, Questions for discussion: 

0. In a compost pile, how Is the waste converted to compost? 

Answer. It Is broken down by scavengers and decomposers Hvlng In the pile. 

b. How long does It take for waste to be composted? 

Answer: Depends a lot on the type of waste and the weather conditions. Gardeners turn, 
Inocutate. and water their piles to speed the process. The best ar^swer Is from a few weeks to 
several monttu. 

c. In what ways Is compostlr^g superior to throwing orgonte wastes Into o landfill? 

Answer: You reduce the volume of material golr^g Into the landfill or^d produce a useful prod- 
uct. 

d. What factors may upset the healthy status of a compost pile? 

Answer: Dry condltkjns. toxic chemteals (pestlckJes. etc.). cokj temperatures, matted material. 
ANemoflve: 

Instead of vislthg a neighbortiood compost pile or ushg one established on the school grounds, 
the students may bring Ir^ compost from the top, mWdle, ar^d bottom of their pile at home. 

Extensions: 

1 . Make permanent mount microscope slides of orgor^isms four^d. 

2. Construct an Identlfk'.atlon key for organisms found. 

3. Culture bacteria and molds from the compost. 

4. Set up 0 presen/ed zoo of organisms four^d In the compost. 

5. DISCUSS what factors make for a "healthy" compost pile. 

6. Compare the organisms from different compost piles. 

7. Invite a garder^hg expert to speak about the the value and mar^y uses of compost in a garden- 
ing operation. 

8. Use the compost In experiments relating to pkant growth. 

9. Study the use of composting as It relates to landfill management. 
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Compost Critters 




Evthworm 



Insect (adult) — 
6 legs, 3 body regions, 
often 1 or 2 pairs of - 
wings. 1 pr. antennae. 



Insect (larva) — 
These young insects 
vary much. Usually a 
segmented » worm-like 
body. May or may not 
have legs. 





Millipede-— vormlike 
with many legs. 2 pr. 

of short legs on 
most body segments. 




Earthworm — long, 
segmented brown 
worm. 



Centipede — 

woimlike, flatter body 
with many legs. 1 pr. 
of legs per body 
segment ^ 



Nematode worm- 
long, worm 
without 
segments or 
flattened body. 






C«OUN0 SflOCH 



Spider — 8 legs with 
definite narrow 
"waistline" 



Daddy-long-legs— 
8 very long, 
slender legs- 
with small, oval 
body. Abdomen 
segmented* 




0A00Y,i.ONG*lEC' 




Ticks and mites--8 legs. Very small, 
more or less oval body. Abdomen 
unsegmented & broadly joined to 
front of body. 




Mire 
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VOWlUC {H^pmd\ 



Sowbug — flattened body 
with 7 pr. of legs. 



'^alamander — 
larger animal 
with smooth, moist 
skin, 4 legs, & a tail. 
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Unit IV. LUST 



0 Figure IV-1. Underground tanks and pipelines 




Figure IV-2., Hazardous materials storage, iiandling & 

transportation 




IV. LUST: Leqking Underground Stor age Tanks and Haznrdoua Materials 

Hgndlina and Transportation 

OBJECTIVgS 

1. Wentltytocdv^ienfKirKigementpra^ 

1 Exomlreondccjmpae how IXBOdous materia 

3. State the risks and benefits of hazadous materials transportation and storage. 

4. Evaluate economic and energy savings gained by utit^ 
materials. 

BACKGBOUND INPQPMAT10N 

Hazardous Substances Storage, Handling and Tronsportotion 

Hazadous rTK*erials that coddcortfafTMrotegrou^ SafearKJ 
lesponstole storage, handing and transportation are ciucioi. Even with careful handling, some Occidents will 
happen vwhthfToycontcniinategourK^^ 

While many beleve that most spills of hazardous materials occur in trcnspoftotlon accidet .Is. this Is net 
octualy the case. About 65 percent of the spils In Iowa occur at the storage and handling sit^ Thesemay 
be due to poor tdcHtles (such as corrocJng tanks, leaking vatves. or poor maintenance) a careless handling 
(such as the daly prcctlce of letting a hose drcin on the grou^ 

Truck and tram transportation accounts for about 25 percent of the splls, with high* voy accidents occurring 
moreftequently. With the cMck response of modern emergency respt nsetearris. fewer transportatkxi^^ 
ore contamlrating towa's groundwater. TT-ie rerrraining releases ore a jsed by pipelines, fires end ottTer 
sources. (Refer to Figure I V-3) 

Petroleum products (usuaSygasolne or dteselfueO are ttierTKDSt frequently^ Ttie 
ne)d rrwst comnfion spl Is minerd ol tjsed h electricd transformers 

PCB6(polychtorinatedbyphenvls). C^hemkxslfiertilizers constitute the third largest group, and pe^^^ 
fourth. Acfcb. bases, solvents, jnd other ctiemlcals ae spHted the least. 

Potential gromdwater contamination from the storage, handfcig and transportation of hazadous chemicals 's 
locd in nalue and depends on ttievdnerabity of tfie surrounding geology. The impacted this contaminatton 
can be reduced if bei^ rTKjnagement practices (BMRs) fa materid handily 

Underground Tanks and Pipelines 

Leaking underground storage tanks auST) account fa over half of ^ "^^^ 
ttie hazardous substances Inckjents In k>wa. 

Most undei90und tanks store gosdlne a diesel fuel for vehk:le5. 
Examples of pkjces vyith underground tanks include gas stations, 
school bus bams, and storage for government a business fleets. 
Tanks origlnaly recMred to be undergrcxjnd to reduce fire and 
explostonriski However, the risk to groundwcrfa has increased because contamlnarTits are closer to the 
table ovd leaks oe harder to detect. 

The impact of even a very smal leak may be significant ovathe 2(> ' o 5C)-yea life span of an under^^ 
tank. An B^A study showed that about 25 percent of the existing underground tanks were 
v^. In Iowa, 86 percent ofthe reported underground storage tank leaks have resulted in contam 
shaiowgoundwater, only Is vvater quality at risk when leaks ocojr. but the o^Am'k»^ 
wel 



The Roman Empire lives... 
arxjleactTeson 
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Figure IV-3: Number of reported spiils of hazardous 

substance by source, source: lowa Department of Natural Resources, 1987 




LC3WS for underground tanks that store petroleum or hazardous substances are designed for 
•leak detection 
-comxion protection 
-spli/oveftil protection 

For example, corrosion protection for corrosion protection new tanks have three choices: 

1. Coated and cathodlcally-protected steel (cathodic protection Is a system to prevent 
corrosion of steel tanks using a continuous olectrlcal currrent) 

2. Rbergkass (a nonconosh/e rTKiterkaO 

3. Steel tank coated >A4thf83efQ|ass 

Existing tanks could use one of those options or add a cathodic protection system or an interior 
lining or both. 

These standofds lead to better-constructed tanks being Installed. Prevkxjsly. tt was common to install either 
a bare steel tank or a tank covered with an asphalt coating. Such tanks can comxie very quteWy . sometimes 
wtthh two years of Instanation. 

New tanks are also required to install external leak detection devtees. such as groundwater monitoring wells 
or a nrKXiitOfing device betv/een ttie wals of a double-wal +ank. Existing tanks also need external rrxsnitoring 
wt*di wl be required over the next fewv years depending on their age. 

By October 1 , 1989. dl underground storage tanks, regardless of size, must be reported to the DNR for 
ragUroHon. All tanks with a capacity of 1 ,100 gotons or more must have a registratton tag. and it is unkaw- 
ful to fill any tank over 1 .100 gallons that Is not tagged. 

Buried tanks whk:h store heating ol used fa heating a building orvslte (such a farm homes or schools) are 
exempt from the monltorirgkaws. However. oyA/ners are responsible if these tanks leak, and many people ae 
fbllowirtg guldelrjes required for ottier tanks. 

TlTero ae 1 1 rnlles of pipein* In k)wa carrying naturd gas, caxJe oa^ 

petroleum products. Pipelines ae found In every county In towa. Although less than two percent of the 
reported spis in towa involve pipelne breaks, the vokjmes involved oe signifteant. Nearly ai of the products 
stored in underground talks and trorsported through pipelnes are hazordous and po^ 
hurrxan health, as well as otfTer onirTK3ls and plants in the ecosystem. 

Above-ground Storage 

Potentkal sources of splls. leaks and lunoff from aboveground staoge include: 1 46 regukated hazardous 
waste ftJCillties; over 1 /HCO auto repair and servtee garages; about 1 300 ag^hemk:d dedersrtps; as wel as 
numerous Ixjrge terrnij*wls, ran terminals and petroleum tank famns. In additkjn to handing and staoge 
facilities, in 1983 over 1 1 million tons of chemk:als were transported to or from Iowa by rail, barge or 
truck. 

References 

Hoyer, B.E. et al. 1987. Iowa Groundwater Protectkxi Strategy 1987. Iowa Department of Naturd Re- 
sources. 106 pp. 

k3wa Department of Naturd Resources. 1989. Underground Stooge Tanks. 8 pp. 
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Waste Product Survey for Business and industry 



Ufe/Eorth Science 2 Class Periods 

Quicic Summacy: 

In thb acMy . the students win survey a toed business or industry to determine Its waste production and 
dispcsd practices 

ObieclivM: Upon completion, tfie students w9 be clDle to: 

1. Desatoev^typeofywastesandhwtxatoTxxjntsalocdb^ 

2. ClQSdfyttie business' waste OS hazardous or nonhczordous. 

3. Describe how the business disposes of Its waste. 

4. WenHfy waste dbposd alternatives to landfiiburid. 

5. Descrtoe how wastes from ttie business ore transported to the disposal site. 

Materials: None 

Printed/AVMoteriais: 

Worksheet: 

Teacher Information: 

This activity can also be used in studying landfills; or emphasize the transportation and storage parts for this 
unit. 

Proceduas: 

1 DMde students Into groups of two or three. 

2. Have each group draw up a short list of kxd businesses a industries from which th^ 
survey. (3ee note in procedure No.4.) 

3. Poss out tt» survey forms orxJ explain ttie assignment. 

4. Helpstudentsdevelopthebeststrategiesfotapproachingthobuslness. Emphasize to the ^'.dents that 
they should rtwke deato the businesses contacted that this is a research prp^ 

gathered w«nd go cnyfurtherthonrre classroom. Suggest that ttie group's best choice 

rTKjy be a business or Industry at wtiich one of their parents is employed. The business ma/ be of any type 

-IcrgeorsmaH. Each group rm^ find a different business to survey. 

5. EstaWsh the time line for completing the suivey (perhaps three days). 

6. Each day ctieck en group progress and offer encourogerrient and suggestions 

7. Ha\« each group give a brief (tv^ to thfee^inute)Ofd3umrrK3ry of wt>cttt^^ 

8. Questlonsfordiscussion: 

a Wxrt are some major wosteiDrodudrTg businesses and industries ;n our community? 

b. What types of hazardous waste Is produced in our '-.^mmuniiy? 

c. How are hazardous wastes troreported and dlspOvcXl of in our comm(j>t^ 

d. Whet dangers (health, surface or groundwater polkjtton. dr pdutlon. etc.) do these wastes presant for 
our community? 

e. What oltefTKitlves to tandfl dsposd of wastes are used by the business and irTdustriai community? in 
what ways or© these better than burid In the landffl? 

HaN« a representative of a kxxil busing or industry come to the doss as a guest speaker. Asktheguestto 
tdk about the waste dsposd procttees of his/her business. Have the students ask questions (as in tt-« 
suvey) and ttien vfftte their report within their group. 
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Business and Industry Survey Form 

Student Worksheet Names 

Naine of Business: 
Address: 

Number of Employees: 
Contact Person: 
Posttion: 

Type of Business Carried On: 

Waste Produced By Ttiis Business: 

Type: 

Amount: 

Hazards: 

How Transported and Disposed Of: 

Type: 

Amount: 

Hazards: 

How Transported and Disposed Of: 

Type: 

Amount: 

Hazards: 

How Tran$|;)orted and Disposed Of: 

Type: 

Amount: 

Hazards: 

How Transported and Disposed Of: 

Has this business had waste emergencies or problems in the past? Whiot ore the estimated costs of 
waste management for this company? Does this company have plans tc change Its waste man- 
agement practices? is there onything else relating to the waste management practices of this 
business? 
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Communily Hazardous Materials Storage 

Earth/Ufe Science 1 Class Period 

Quick Summofy; 

Students will compile the information they have about where in their community hazardous materi- 
als ore stored. They may also consult "experts" in the community about hazardous materials 
during the activliy. They will also use the groundwater model to demonstrate how leaking tanks 
can contanr^lnote groundwater. 

Objectives: Upon completion, students will be able to: 

1. List places In their community where hazardous materials are stored. 

2. Identify the persons in their community who have knowledge or some official capacity with 
regard to hazardous materials storage or transportation. 

3. Interpret the symbols on a mcp to identify the routesi of transport for hazardous materials in or 
near their community. 

Materials: 

State Transportation Maps (printed by Department of Transportation) 

For each small group of students: groundwo'er model and supplies (see Appendix A). 

PrInted/AV Materials: None 

Teoche? Irtformotion: 

Use this activity as a wrap-up after the students have sun/eyed businesses in their community. This 
allows you to take the information whteh they hove gothered and odd some additional material. 
The main activity Is simply listing places wnere hazardous materials ore stored, their routes of trans- 
portation, and those persons who are most knowledgeable about them within your community. 

Procodure: 

1 . Have students set up the groundwater model as shown in Figure 4 of appendix A, Great Ways to 
Use the Groundwater Model. 

2. On a large piece of paper, on the overhead, or on the blackboard list the places where the stu- 
dents already hove found hazardous material? -tored within their community. 

3. Moke a second list of persons who they kr low have some knowledge or official function with 
regard to these materials. This list might include: high school chemistry teacher, sheriff, police 
chief, fire chief, county (or city) civil defense diu^tor, mayor or city manager, county supervisors, 
county engineer, private business persons, or state officials. 

4. Using state transportotk^n mops in small groups or indivkluaiiy hove the students identify trans- 
portation routes through or near their community where hazardous materials might be carried. 
Moke a third list for the class. This list might include: roads, rivers, pirjeiines, airports and/or roil lines. 

AKemattves/Ext«nsicns: 

1 . Hove the students contact the persons on their second list to find out 
what their knowledge and/or official functton is with regard to hazardous 
materials. Report back to the class. 

2. invtte one of the persons from the second list in to speak to the class on 

the subject of transportotk^n and storage of hazardous waste in our community. 



If;.: 



IV-9 



Risks and Benefits 



Earth/Life Science 1 class period 

Quick Sunomofy: 

Students wIM discuss the risks ar^d ber^eflts of various methods of trar^sportation and storage of 
hazardous materials. 

Objectives: Upo*) completion, the students will be able to: 

1 . List some of the hazardous materials that are transported or stored in their community. 

2. Discuss and Hst the risks and benefits associated with the transportation and storage of various 
hazardous materials within their community. 

3. Describe the routes by which spilled hazardous materials in their community may contaminate 
the groundwater supplies. 

4. Describe some of the health risks associated with potential spills of hazardous materials within 
their community. 

Materials: None 

Printed/AV Materiois: 

student worksheet: Risks and Benefits 

Teoctier Informatton: 

Hazardous materials which are transported or stored in your community ail have various associ- 
ated risks and benefits. The benefits are usually the same - stockpiling near area of use. bulk 
handling to save energy and cost, on-hand inventory at point of manufacture or production, etc. 
The risk of spill depends upon the method and timing of transportation and storage. The health risk 
depends upon the \oca\ drainage patterns, geology, water supply practices, etc. Help the stu- 
dents see that all of these hazardous substances carry attendant risks and benefits, if there were 
no benefits, we woukj not be transporting or storing them. Wori<ing first in small groups and then 
discussing as a whole ctass should enable the students to come up with suitable answers for the 
wori<stwet. 

Procedure: 

1 . DIvkje the class into groups of four to six students. 

2. Hand each student a wori<sheet and instruct them to fill it out as they discuss the items within 
their group. Tell them that they will be sharing what their group comes up with in a whole-class 
discusston. 

3. Allow adequate time for the small groups to complete their discussion (pertiops 20 minutes). 

4. CircukJte from group to group during the work time to listen, offer suggestions, or give encour- 
agement. 

6. After the small group wort< is completed, lead a whole-ctass discussion alk^wing the small groups 
to share what they have written with everyone. Ideas may be put on a blackboard or flipchart 
for everyone to see. Groups shouW be encouraged to compare and oven debote ideas. 

Extension: 

Discuss pros and cons: if not there, then where should these materials be stored and/or trans- 
ported? 
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Risks and Benefits 

student Worksheet 



Name. 



Directions: 

For each example tell at least two risks ar^d two ber^eflts. Also, describe how a spill of the material 
might contaminate the groundworer and explain what possible health risks the material may 
present for us. 

Exompl«: 

Transportatton of tow level nuclear waste across Iowa on trucks traveling Interstate Highway 80 from 
Nebraska to Illinois. 

Risks - Traffic accWent may spill rodkxictlve waste.Wostes may spill during loading or unloading. 

Benefits - Radioactive materials ore useful in treating cancer and other medical procedures.The 
site In Nebraska must hove on economical way to tronsport nuclear wotes to theopproved 
site in Illinois. 

Possible ground water contamination - soil may become contaminated in the event of a spill. 
Water seeping down to water table may carry radioactive material down. 

Possible heottti risks - a spill of rodtoactive moterksi may expose people to rodkstion causing 
Illness or even death. If the w^ter supply is contaminated it may not be drinkable for a long 
time. 



Storage of gasoline in large underground tanks at the local sen/ice station. 



Risks 



Benefits - 



Possible ground water contaminatiort 



Possible tieaitti risks - 



i7i 



storage of liquid nitrogen fertilizer in large alDOve ground tonl<s cat the local farm service store at tfie 
edge of town. 



Risks 



Benefits- 



Possible ground water contamination 



Possible health risks 



Transportation of natural gas througfi our community through a pipeline. 



Risks 



Benefits 



Possible ground wcter contamination 



Possible health risks 



Storage of a Varge Inventory of insecticides, herbicides, and other pesticides at a large garden 
center near the center of town. 



Risks 



Benefits - 



Possible ground water contamination - 



Possible health rsks 
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Best Management Practices 

Earth/Ufe Sciences 1 class period 

Quick Summary: 

The students will analyze two tiazardous materials leakage situations and will thien answer questions 
about eochi. 

Obj«ctivM: Upon completion, the students will be able to: 

1. Describe two common problems with leaking hazardous materials. 

2. Identify some of the variables assockjted with these problems. 

3. Suggest some possible sduttons to these problems. 

4. Evaluate the money and energy costs of these problems. 

Mcrtericrts: None 
Printed/AV Materials: 

Worittheet: Storing Hazardous Materio,s Cose Study 
Teocher Iriformation: 

Hazardous materials may be handled In many different ways. Common sense, trie! and error, and 
time hove taught us the current best management practices whk:h allow the transportation and 
storage of these materials while reducing the risks Involved. In this activity, encourage the students 
to think about the best ways to do what needs to be done which will protect the groundwater, the 
pocketbook. people's health, and energy supplies. 

Procedure: 

1. Have the students wort< in groups of two or three. Each group should read the cose then discuss 
and answer the questtons. One set of written answers per group. 

2. After the group wort< Is done, lead a ckjss discussion cantered on each cose. Relate the cases 
to the red situation In the student's community. 

Answers: 

CASEl: Shelly's Standard Station 

1. $l/>00peryeor. 

2. $.40 per galton profit. 

3. $8CX) per year in tost prof it. 

4. $2400 per year total toss. 

5. The leaking f jel goes 'nto the ground and pert^ops into the surface or groundwater supplies. 
It nfKiy contaminate the water supply, poison the soil, leak into basements, kill animals or ptants, 
cause an expk)slon or fire. etc. Beraene. a component of gasoline and fuel oil. Is a cancer 
causing agent. Many times benzene Is found in shallow drinking water wells near servtoe 
stattoni In low levels, benzene does not have a taste or odor. It con be present for years 
before It is discovered, but by that time, the exposure from daily ingestton may hove already 
caused harm to those drinking the water. This type of lawsuit could bankrupt most station 
operators since the! • insuroixie coverage in most cases woukj have a ceiling limit on the 
amount of coverage or even an exclusion clause if involved in a lawsuit. 

6. Ttw tost fuel must be reptaced by pumping more crude oil, transporting it, 

refining It. and then transporting it to the servtoe siation. All of these steps require energy ex- 
perKliture. 
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7. If Shelly has detected a leak In the 15 year old tcinks. It may be a wise idea to pull the old 
tanks, test the soH and water as requlreo, Ir^stall new tanks with approprkate early detection 
devices and conduct any clean-up of the soils and groundwater as required by the state, 



CASE 2: Fred's Fertilizer and Farm Supply 

1. He probably won't be able to sell the damaged sacks. 

2. Fred must pay for the sacks his emptoyees damaged. 

3. Fred passes his costs ak^ng to his customers with higher prices. 

4. The spilled herbickje may get into the bodies of his empkjyees through the lungs or skin and 
may cause Illness like poisoning or cancer or may cause long mrm effects like birth defects. 

5. Both Fred and his customers benefit from having a karge stock of the product on hand 
where It is ready when needed. Fred can also probably buy a volume discount wherj purchas- 
ing large quantities allowing him to lower the price to his customers. 

6. Both the surface and groundwater supplies may be threatened by ttie spill. Rain might carry 
the herblckje down through the soli to the groundwater or It might wash off the lot Into the 
stream and be carried to other surface water supplies or kJter Info the grourKlwater at some 
other place. 

7. The spilled hertDkilde may threaten beneficial Insects, fish In the stream or downstream, birds, 
worms in the soil, or any other members of the food chain along the way (Including us). 

8. Fred might... 

Store th( socks indoors 

Handle the sacks more carefully, clean up any spilled material right away, provide a dam 
or othbY barrier around the stored material to keep It from flowing away If spilled, or find a 
storage pkace away from the stream. 

9. The packaging and manufacture of the product takes energy as does the transportation to 
Fred's ptace. 
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storing Hazardous Materials Case Study 

Student Worksheet 



Nome. 



CASE 1: Sh«liy'sS«fvlc« Stations 

The underground storage tanks at Shelly 's Sen/Ice Station are made of steel and are more than 15 
years old. The tank that holds the super unleaded gas has developed a tiny leak through which 
five and one half goltons of gas leaks out Into the ground each day. Although this leak did not 
show up on dally Inventory checks due to the cont'octton and expansion characteristics of gaso- 
line, a routine tank test did reveal this leak. Shelly buys her gas for eighty cents per gallon and sells 
it for $1.20 per gal ton. 

1 . SheMy's leak of only 5-1/2 gallons/day results in a loss of about 2,000 gallons/year. About 
how much does Shelly have to pay for the leakoa gas per year? 

2. What Is Shelly's profit (Ignore all of her other expenses for now) on each gallon of gos she 
sells? 

3. How much profit does Shelly lose from that little leak in a year? 

4. Shelly's total losses from this leak include what she must pay for the leaked gas and what she 
doesn't get in profit. How much Is her total loss per year? 

6. Where does this leaked fuel go? What are some problems associated with leaking petro- 
leum products? 

6. How Is this leaked fuel replaced? What ore the energy implications? 

7. Suggest ways in which Shelly might correct her problem. 



CASE 2: Fr«d's F«ftfllz«r and Farm Supply 

At Fred's Fertilizer and Form Supply they just received a large supply of herbteide. The herticide is 
In paper sacks but Is covered with a plastic torp or d is stored at the edge of the parking lot next to 
a small creek. As the sacks ore being placed there by o fork lift a few of them tear open and some 
of the herbicide powder spills out onto the parking lot. 

1 . Is Fred going to be able to sell the tom socks of herbicide? 

2. Who must pay for the damaged materials? 

3. Who does Fred pass his costs along to? 

4. How might the health of Fred's employees be affected by the spill? 

6. Who benefits and what ore the benefits from having a large stock of herbicide at Fred's F & 
FS? 

6. What water resources might be contaminated by the spilled herbicide and how might the 
contaminatton come about? 

7. What living things might be threatened by the spilled herbicide? 

8. List some things Fred might do to reduce the risk of environmental contamination from this 
pesticide. 

9. List some ways that energy is used to manufacture and deliver the chemical to Fred's lot 
where it Is wasted on the ground. 

I7r, 



Unit V. PIPE 

Figure V-1. Agricultural drainage wells 
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Figure V-2. Abandoned wells 




Figure V-3. Sinkholes 




V. Direct ?ath8 of Contamination: 
Agrteuiturol Drain agft Wells. Abandoned Weils and Sinktioles 

Agricutturoi Df ainaga Weils 

Upon completton, students wlli be able to: 

1. Identify the region of Iowa that has been most affected by the use of agricultural drainage 
wells. 

2. Construct a groundwater model that will Illustrate how an agricultural drainage well may pollute 
groundwater. 

3. Discuss critically the reasons for/against using agricultural drainage wells. 

4. Devise methods to prevent groundwater contamination by agricultural drainage wells. 

Abondorvad Wells 

Upon completion, students will be able to: 

1. Identify the regions of Iowa that may be affected by groundwater pollution from abandoned 
wells. 

2. Construct a groundwater model that will illustrate how on abandoned well may pollute ground- 
water. 

3. Discuss critically a law requiring the plugging of abandoned wells. 

4. Devise methods to prevent groundwater contamination through abandoned wells. 

Sinkholes 

Upon completion, students will be able to: 

1. Identify the region of Iowa that may be affected by groundwater pollution from sinkholes. 

2. Construct a groundwater/slnkhole model that will Illustrate how sinkholes may pollute groundv/o- 
tor 

3. Devise meti-tods to prevent groundwater contamination through sinkholes. 



yyy^^}^ a Direct Path? 

Any hole In the ground that reaches an aquifer provides a direct path by which the aquifer may 
become polluted. In Iowa, the three direct paths of contamination that are of special concern 
ore; agricultural drainage wells, abandoned wells, and sinkholes. 

AgrlC«l^'^^ Drginn^e Wells 

Agriculturd drasnoge wells (ag-droinoge wells) ore used to drain water from marshes, ponds, and 
other wet areas into deep aquifors. The kand covered by the most recent glacier (commonly 
reiefred to as the "D©4 Moines Lobe"-see Figure V-4), became ftat, pooriy-drained land when the 
glacier "bulldozed" it ftat. Agricultural drainage wells are porticulariy significant in this area (see 
Figure V S). Other parts of iowo have had thousands of yocrs for streams to erode and create 
valleys and droln the land. 

Pmt to Present Practices 

in 1903, forty porcorrf of the land now farmed in the Upper Des Moines I?iver Basin of north central 
Iowo was conskjered too wet to form. As Iowa's subsurface was explored, bedrock layers were 
di$covef^>d that coukj hold water and offered a solution to the drainage problem. Bedrock forma- 
tions couW be to drain water as long as they contained large fractures and lay at economi- 
cally accessible depths. 
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DRIFT FROM OLDER GLACIERS 



"DRiFTLESS AREA" ISOLATED EXPOSURES OF DRIFT 



FIGURE V. 4. MATERIALS FROM MOST RECENT GEOLOGIC AGE IN IOWA 
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FIGURE V. 5. POTENTIAL FOR DRAINAGE WELL USE IN IOWA 
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Ducks Umlted 



Enactment of ttie Iowa Drainage Law In 1906 resulted In millions of acres 
of wetland being drained into natural streams. Today ditches and mains 
(pipes) ctKinnel most of Iowa's Ag-dralnage into streams. However. 

nearly 700 drainage wells are estimated to be In use. Areas of north cerv 

trai Iowa may have as many as eight ag-dralrxige wells per square mile. 
Enactment of state legislation In 1957 curtailed construction of new drainage wells by requiring a 
state pemiit to either construct a new drainage well or to expand the drainage area of existing 
wells. Sirce 1957. only two permits have been Issued. 



T 
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The 1987 Groundwater Protection Act included ttie following: 



All ag-dfoinage wells must be registered with the DNR by January 1 . 1988. 

The Deportment of Agriculture and Land Stewadship (DALS) wiH set up a demonstration project 
to show what types of practices will elimirKSte groundwater contamination from ag-drainoge 
wells and sinkholes and also suggest alternative drainage methods. 

By 1991 , ol! og-drainoge well owners must submit a plan to DALS showing how contamination 
will be eliminated from their ag-dralnage wells. 



BertefHs and Ksks 



Ag-dralnage wells hove oikjwed more kand to be farmed, in a typical year, nearly 5 million galbns 
of excess water must be orfifteksiiy drained from a flat 40acre fiekj in north central Iowa. Excess 
water can enter a drainage well In two ways. (See Figure V-6.) About 75% of thie water enters 
dralrKnge weHs after percolating n short dbtorxie through the soil. The rest of the excess water, 
about 26%. enters as run-off through surface Inlets to tile lines. 

The risk to the groundwater depends on the kinds of contaminants flushed into the drainage well. 
Studies hove shown that: 

1 . High concentrattons of silt and bocterka ore common in surface njn-off through tile inlets. 

2. Low levels of pestk:ides have also been found, but much remains to be discovered about 
the effects of long-term exposures to tow level of pestk:ides. 

3. Water percolating slowly through the soil contains much less silt, bacteria, and pesticide than 
surface run-off but nitrate levels ore quite high in percolation water. 



Note: Health risks of nitrates are listed In the CHEM unit. 



AttemoHves, Best Management Pradicts 

There ore three major alternatives to the use of ag-dralnage wells. T^e first is to plug ttie wells. This 
mK, >t cut com yields by on average of 50 bushel? per acre and soybeans by about 18 bushels per 
acre. In addition, dekayed ptanting and harvestit ig. form equipment stijck in wet fields, and fertil- 
feer losses woukS add to the problem of reduced crop yields. Excess water could be removed from 
fields and discharged Into surface drainage but cost estimates range from about $ 100 to about 
$300 per acre depending on the nearness of existing drainage. Benefits might be gained, how- 
ever, in dry years and in tr^e productton of ducks, other wHdlitfe and the marsh ecosystem. 

Removtotg surface inlets woukj exclude high concentrattor>s of silt, bacteria and pesttoides. How- 
ever, protonged ponding of water in tow spots would result In crop reduction or loss. 

Reducing or enmincKng agriculturai chemicais can reduce chemtoal levels in drainage. 
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€1 Figure V-6. Two ways that water enters drainage 

wells. Source: ISU Cooperative Extension Service, Pm-1201 , Agricultural Drainage 
Wells in Iowa. 
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Abandoned Wells 



The Iowa Deparrment of Natural Resources defines an abandoned well as: "a water well wtiichi is 
no longer In use or wtilcti in sucti a state of disrepair thiat continued use for the purpose of ac- 
cessing groundwater Is unsafe or Impracticable." AbarxJoned wells may cany surface runoff, 
Including human and animal waste, farm fertilizers and pesticides directly into groundwater. Most 
abandoned wells are in soutti central Iowa and to a less extent In northwestern Iowa, but there are 
abandoned wells in all 99 Iowa counties. 

Post to Pr«senC Practices 

There are two ger>eral types of abandoned wells in Iowa: (1) large diameter, shallow wells bored 
or harKKkjg In soils, and usually less than 100 feet deep and (2) small diameter, steek^ased, drilled 
wells that draw water from deeper glacial drift and bedrock aquifers at depths of 20 to more than 
3.000 feet. Estimates of the number of abandoned wells In Iowa vary. Conserva+' /e estimates 
range from 36XX)0 to 57 XXX) abandoned wells. It Is possible that there are hundreds of thousands of 
abandoned wells In Iowa. Until recently, ttiere were no laws requiring the plugging of abandoned 
wells. 

Risks 

Lorge-dJometer wells represent a major safety hazard because the large opening alk)ws more 
p>ollutants to enter aquifers more qutekly. Also, many of these wells are uncovered and receive 
surface rurvoff , and usually there Is standing water several feet below the land surface. These wells 
are recharged by percokJtIng surface water, which mokes them very susceptible to contamina- 
tion. 

Drilled wells represent a problem because the steel casing may corrode. Pitted, cracked, or 
collapsed well casings alkw surface water and contomincnts to st>ep Into wells. Figure V-7 Illus- 
trates pattiwoys for contaminants Into an unprotected well. 

Mematives, Best Management Practices 

Weil constructton essentially Involves drilling an open hole and installing a casing to prevent coi- 
kapse of the bore tK>ies. While this does provide access to the groundwater, it removes the filtering 
soil cover and provkdes a pipeline for contaminants to enter the groundwater source. Good well 
design and cor>struction Incorporate protective features that block polliitlon pathways. Figure V-8 
lliusirates some of these protective features and a brief summary follows: 

1 . Casing - to ensure that surface woter liters through an adequate amount of soli, there 
shoukj be at least 20 feet of permanently .tistalled casing. In areas with a thin soil cover, the 
casing shoukJ extend down so that It Is firmly seated in bedrock. The casing shoukj be water- 
tight. 

2. Top of the well - Wells shoukl extend at least one foot above ground or above the highest 
known water level In flood prone areas. Adaptations can be made to existing wells to elimi- 
nate contaminant entry at the top of the well. 

3. Grout - Grout, a slurry of cement or clay, is used to seal the spoce beKveen the casing and 
the bore hole. 

4. WeH seal - A tightly fitting seal should be Installed at the top of the casing to prevent foreign 
materials from entering the well. 

5. Disinfection arxj water testing - All new or reconsfructed wells must be disinfected and a 
water sample analyzed before drinking. 



Figure V-7. Pathways for contaminants into an 

unprotected well, source: ISU cooperative Extension service, Pm-840, 
Good Wells for Safe Water. 
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Figure V-8. Wells with protective features: a. DHIIed well tapping water-Oearlng sand; 
b. Burled slab design for bored well. Source: ISU Cooperative Extension Service, Pm-840, Good Wells for 
Safe Water. 
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After a well Is no tonger In use or It is In need of repair, plugging It Is preferred to simple abandon- 
ment. The objective of plugging Is to fill the hole with impermeable material that will prevent 
movement within the wall. Sealing materials are either neat cement or clean clay (bentonlte clay), 
concrete mixtures ore not acceptable because they con break down. 



Sinkholes ore natural holes in the ground caur-^d when rainwater (which is slightly acWIc) dissolves 
carbonate rocks, either limestone or dotomrie. Over time small fractures In the rock become larger 
and allow more water to move through the system. Fractures may develop Into caves, and unsup- 
ported surface materials may cdkapse Into the vokJ space forming sinkholes. Sinkholes allow 
sediment, bacteria, and other contaminants to run directly Into the upper bedrock aquifer. In 
addition, sinkholes have been used as dumps In some areas, which further endangers groundwater 
quality. In Iowa, sinkholes are found In the northeaste. ^ and eastern parts of the state. The chang- 
ing nature of sinkholes mokes It more difficult to centre problems associated with them. 



Post to Present Practices 



Sinkholes ore 
down In the dumps. 



Water quoirtv problems In karst regtor>s of Iowa appear to be the 
result of the I. taction of natural recharge processes with modem 
agriculture. Nirrate levels approaching or exceeding health stan- 
dards ore becoming common. HertDtekle levels are kjw In concen- 
tration but the levels are higher and more persistent than other ^ 
areas. During times of run-off the water may turn "muddy" and 

likely will contain bacteria, higher than normal bads of herbicides, and perhaps Insecticides. 



Alternatives, Best Management Practices 

Sinkhole ftow end percdatton through shalk^w soils must be considered If shallow groundwater 
sources are to be protected. To prevent or reduce groundwater contamination through sinkholes: 



1 . Abandon the use of sinkholos as disposal areas. 

2. Adopt run-off and eioslcri control measures, such as grass filter strips around sinkholes. 

3. Incorporate ag-chemlco;s Into the soil to reduce their movement with run-off. 



4. Avoid over-appllcatlons of nitrogen fertilizer ond animal manure. 



5. Cease fall opplteotlon of nitrogen fertilizer. 



6. Use more rapidly degradabie pestteides. 

7. Reduce unnscessory pesticide use. 
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Agricultural Drainage Wells 

Earth Science 1 Class Period 

Quicic Summaiy: Students use a map and tt-ie groundwater model to identify the region of Iowa 
most affected by ag-dralnage wells and to view how og-drainage wells may cause groundwater 
pollution. 

Ob|ectlve$: Upon completion, students will be able to: 

1 . Identify the region of Iowa that has been most affected by the use of agricultural drainage 
wgIIs. 

2. Demonstrate how on ogriculturoi drainage well may pollute groundwater, using a groundwater 
model. 

3. Discuss crttlcally the reasons for and against using agricutturol drainage wells. 

4. Devise methods to prevent groundwater contamination by agricultural 
drainage wells. 

Materials: 

Iowa road map (which shows lakes) for each studeni. 

Groundwater Model (as shown in Figure 5 of Appendix A. Great Ways to Use the Groundwa+er 
Model) for each team of 4-6 students. 

Print9d/AV Materials: 

OvertMods: Rgures V-1 , V-4. V-6 from B^iCkground Information. 

Relief Map of Iowa 

Outline Map of Iowa - Answers 
Worksheets: Outline Mop of Iowa 

Ag-dralnage Wells. 

Teacher Information: ^ .. . ^ l. 

The most recently glackated area of Iowa, often called the ' *Des Moines Lobe, has its boundary 
roughly marked by the location of several natural kakes in Iowa and the City of Des Moines. This 
glcclatk>n left much of north central Iowa pooriy drained. Lots of standing water mode this region 
unfit for agriculture. The relief map used in conjunctkjn with the outline map with the lakes located 
on It should give students a mental picture of the topograph of the area. 

Ag-dralnage wells contributed to the draining of prairie wetlands in Iowa, although they were nor 
solely responsible. In presettlement times Iowa had on estimated two to three million acres of wet- 
kands. Currently It Is estimated that there are only about 35.000 acres of wetkands available for 
duck nesting in Iowa. The current 60.000 ducks hatched per year has decreased from on esti- 
mated 12.5 million to 25 millton presettlement times. 

1 . Jtye teacher (after reading the ag-dralnage wells background) should introduce the topic. A 
bosic introductton shoukj include what ag-drainage wells ore. where they're used and what 
they're used for. 

2. On the outline mop of Iowa and using on Iowa road map. students should mark the locations of 
the kjkes listed, number them and connect them with a line. 

3. Have students compare their maps with the relief map of Iowa. (Overheads can be made of 
the relief map of Iowa and the outline mop of Iowa-answers sheet, and overlain on top of each 
other.) 

4. Have students construct the groundwater model as shown in Rgure 5 of Appendix A. Greot 
Ways to Use the Groundwater Model. A straw will represent the cg-dralnoge well and food color-^ 
ing or powdered drink mix wm represent the contaminant. This model will show a pathway by 
whk:h surface contamhatlon is transported to underground aquifers. 
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6. After completing ttie activity, students can answer ttie questions on thie worksheet or in a 
teacher-led discussion. 



Amwers: 

a. North central Iowa has been most affected by ag-drainage wells. 

b. Ag-drolnage wells transfer surface contaminants directly to groundwater. 

c. For ag-drainage wells: creates more agriculturally productive land, and hicreases yields, 
and reduces problems with mired farm equipment end delays In planting end harvesting. 
Against: reduces wetland habitat, Increased groundwater contamination if ag-chemicals or© 
used, increased yields may decreose prices. 

d. Possible methods to reduce groundwater contamination through ag-drainage wells include: 
plug ths ag-drainage wells and/or surface inlets, and reduce applications of nitrate fertilizers 
and pesticides. (See CHEIS^ unit.) 

e. The use of ag-drainage wells has drastically cut ducl< populations (by the nriiiiions) as well as 
other wildlife that live in wetlands. 

AltemcrttvA: Teacher lecture/demonstration. 

Extensions: 

1. Set up a debate using teams of students representing both sides of the ag-drainage well isf.ue. 

2. Role playing - fanner vs. duck hunter. 
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Outline Map of iowa 



Answers 
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Lakes to be located: 

1 . Iowa Lake (Osceola County) 

2. Rush Lake (Osceola County) 

3. Silver Lake (Dickinson County) 

4. Big Spirit Lake 

5. East Okoboji Lake 

6. West Okoboji Lake 

7. Trumbull Lake 

8. Round Lake 



ound I 



9. Lost Island Lake 

10. Virgin Lake 

11. Elk Lake 

12. Silver Lake (Palo Alto County) 

13. Rush Lake (Palo Alto County) 

14. Pickeral Lake 

1 5. Stof m Lake 

16. Black Hawk Lake 



17. the city of Des Moines 

18. Pine Lake (Hardin County) 

19. Beeds Lake 

20. Clear Lake 
21 Rico Lflko 

22] Silver Lake (Worth County) 
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Outline Map of Iowa 




Lakes to be located: 

1 . Iowa Lake (Osceola County) 

2. Rush Lake (Osceola County) 

3. Silver Lake (Dickinson County) 

4. Big Spirit Lake 

5. East Okoboji Lake 

6. West Okoboji Lake 

7. Trumbull Lake 
6. Round Lake 



9. Lost Island Lake 

10. Virgin Lake 
1 1 Elk Lake 

12! Silver Lake (Palo Alto County) 

13. Rush Lake (Palo Alto County) 

1 4. Pickerel Lake 

1 5. Storm Lake 

16. Black Hawk Lake 



17. the city of Des Moines 

18. Pine Lake (Hardin County) 

19. Beeds Lake 

20. Clear Lake 

21. Rice Lake 

22. Silver Lake (Worth County) 



Ag-DrainageWellls 

student Worksheet Name_ 
Q. Wtiat region of Iowa tias been most affected by the use of ag-drainage wells? 

b. How does an ag-dralnage well contribute to the groundwater pollution problem? 

c. Discuss critically reasons for and against the use of ag-drolnage wells. 

d. Devise methods to prevent groundwater contamination by ag-dralnage wells. 

t ' low has wildlife been affected by the use of ag-dralnage wells? 
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Abandoned Wells 

Earth Science 1-2 Class Periods 

Quick Summary: Students use a groundwater model to view how an abandoned well may cause 
Qroundwater pollution. 

Objectives: Upon completion, students will be able to: 

1. Identify the regions of Iowa that may be affected by groundwater pollution from abandoned 
weiis. 

2. Demonstrate how an abandoned well may pollute groundwater, using a groundwater model. 

3. Discuss crtticaily a law requiring the plugging of abandoned wells. 

4. Devise methods to prevent groundwater contamination through abandoned wells. 

Mdteriais: ^ 

Groundwater model (as shown in Rgure 6 of Appendix A. Great Ways to Use the Groundwater 
Model) for each team of 4-6 students. 

Printed/AV Materiata: 

Ovefheods: Figures V'-2. V-7. and V-8 from the bacl<ground information. 
Worksheet 

Teacher InfoimaHon: Refer to background information at the beginning of this unit. 
Procedure: 

1. Construct the groundwater abandoned model as instructed in Appendix A. Great Ways to Use 
the Groundwater Model. 

2. Using food coloring as a pollutant, hove students demonstrate how on abandoned well may 
cause groundwater pollution. 

3. After students have constructed the model and demonstrated how on abandoned well might 
lead to groundwater pollution, lead them in a discussion of what methods might be used to pre- 
vent groundwater contominatton or hove them write answers to the wori<sheet. 

a. Abandoned wells ore in all Iowa counties, with the greatest concentration in south central 
Iowa and to a lesser extent northwest Iowa. 

b. Abondoned wells transfer surface contamination directly to groundwater. 

c. See background information. 

d. See background informoHon. 
AtterrKrtive: 

Teacher lecture/demor^stration. 
Extensions: 

Inten/iew a well driller. 
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Abandoned Wells 

student Worksheet. 



Name. 



a. Where are abandoned wells located In Iowa? 



b. How do abandoned wells contribute to the groundwater pollution problem? 



c. Discuss critically the need to plug abandoned wslio 



d. Devise methods to prevent groundwater contamination through abandoned wells. 



Sinkholes 

Earth Science 1 Class Period 

Quick Summary: Using the groundwater model, students will view how slni<holes contribute to the 
groundwater pollution problem. 

Objectives: Upon completion, students will be able to: 

1. Identify the region of Iowa that ma>' be affected by groundwater pollution from sini<holes. 

2. Construct a groundwator/sinl<hole mode! that will Illustrate how sini<holee may pollute groundwa- 
ter. 

3. Devise methods to prevent groundwater contamination through sini<holes. 
Materials: 

Groundwater model for each team of 4-6 students. 
Sugar cubes (20-30) 
Hot water 

Food coloring or powdered drinl< mix 
2 rulers or 2 pencils 

Printed/AV Materials: 

Overtieod: Iowa Slni<hole Density Map 
Worksheet 

Teacher Information: 

Keferto Baci<ground Information at the beginning of the unit. 

1. Introduce the topic of describing what a sini<hole Is and showing an overhead (Figure V-3). 

2. Use the overhead on Iowa Slni<hole Density and asi< students why the pattern of slni<hole density 
exists. 

3. Using the groundwater model previously constructed, use sugar cubes to represent a below 
surface carbonate deposit. Refer to Figure 7 In Appendix A. Great Ways to Use the Groundwater 
Model. 

4. Have students suspend a pop can with 3 pin holes In the bottom. The can may set on two 
pencils or rulers. 

5. Hot water placed In the can should be allowed to run over the gravel on top of the sugar 
cubes. 

6. Have students observe what happens. 

7. Use food coloring or powdered drini< mix to show how surface-applied contaminants may 
affect the groundwater source. 

8. Lead the students In a discussion or have them complete the slnl<hole 
wori<sheet. 

a. Sini<holes ore concentrated In Northeast Iowa. 

b. Sinkholdes transfer surface wastes directly to groundwater. 

c. For methods to prevent groundwater contamination through sinkholes, refer to the back- 
ground information at the beginning of the unit. 



Altemative: 

Teach 3r lecture/demonstration. 
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Sinkhole 

student worksheet Name, 
a. In what region of iowa ore sinkholes located? 



b. How do sinkhioles contribute to the groundwater pollution problem? 



c. Devise methods to prevent groundwater contamination through sinkholes. 
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Unit VI. DUNG 

Figure VI-1. Land-applied wastes 




Figure VI-2. Lagoons 




Figure VI-3. Septic systems 




j 

VI. DUNG; Lond-Applied Wastes and S ewage Treatment 



Upon completion, students will be able to: 

1 . Critically discuss ttie application of animal wastes, municipal sewage, and Industrial wastewater 
treatment sludge on \he land. 

2. Discuss ttie role tfiat septic tank systems play In on-site wastewater treatment. 

3. Discuss critically trie safe use of sewage tagoor»s. 

BAriffiPQlIMn IMFQPMAT1QN 

We depend on son to filter animal and human wastes, whether these wastes ore spread over fields 
or put In a septic tank. Most soils con filter physically (such as removing turbidity) and biobgically 
(such as bacteria), but they ore not as good at filtering many chemk:als (portlculariy those in- 
vented In the kast few decades). Also, not all soils ore good fitters, and even the soils that ore good 
fitters can be overioaded. That Is why the natural filter system that wori<ed so well for eariy inhabi- 
tants Is not wort<ing as well for us today - we hove stretched the system past its limits in some 
pksces. 

Water that goes down our drains generally gets treated in one of three ways : (refer to Rguro Vt.4) 

1. Most farms: septkD systems; 

2. Most small towrts : lagoons; 

3. Most larger towns: sewage treatment plants that produce sludge. 

Thefearethreeleveteofsewage(wastewatef)tr9atment. Primary treatment is a physfcd process whteh 
rernovesvlstole sows (l<e rats, ^pefrult and sand) thiough filtering and setfi^ Secondary troatmentfe a 
btotodcd process where bacteria decompose ofganic matter. To provkJe oxygen to help this process, either 
a tricking fflter or activated sludge proc«s Is used. Tertiary treatment Is a btotogk:ai and chemical process 
which rnay use 0 >«jlely of chefTilcd technk^jes to rerrx^ 

Secondary tieatrTient is the mWmum level recMred by An estimated lOto 20 percent of kwo 

sewag9tieatiT)entplantsprovWetertk3rytreatmefTt Forexcmple.ammorta may need to be removed to 
protect aquattolfia 

1. LAND APPUCATION OF SOLID AND UQUID WASTES 

Applying ortTKi wastes and skidges (from both industrial v/astewater treotnnent and mu ik:ipcl sewage) on 
the kand has become a common practice. It Is an altemative to burning or discharging our wastes to rivers 
and streams. To kand apply sludges, they must be stabilizef^ ' actively decomposing and thus 
having little odor) and incorporated (put under soiO. The rr m amount allowed is generally 2 
tons of dry sludge per acre. whk:h Is only a froc+ton of on inu» . ^eep. 

At these sites, vwater-soluble chemk:als sudi as chkarides and nitrates con m 
90undwalor. Other contaminants may become soluble under k>A/r>t'cond»ion8 a sImpV 
absoqsth/epfopertlesoflhesolandrnoveintothegroundwate ocev^jter 

Energy savings con result from using manure or sludges Instead of commerctal fertaizer w. :ch uses natural 
gas and much energy for production . packaging, transportatkxi crd ap^ 

AnlrTK3lvA3Stesandsludgescanbevaluableteitfcertbr crops. \My^fjwerx(xmi&K^r^^ 
aiso be oppled on the sorne field The nitrogen firom the land<>ppl^ 
ritrate ieochlrg from excessive oppllcattoa 

iviuch of Iowa's manure 'goes to waste" (is not used for fertHlzer). probably due to transportofion 
and storage Kmitattons. This natural recycling of nutrients coukd also be more effective If Improved 
manure handling techniques were used to preserve mom of the ferfillzarion value of the manure. 
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Figure VI -4. Water Down the Drain -Where Does it Go? 
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Of the 675 municipal wcst«wat«r sewage treatment plants In 
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Iowa, most of them land apply their sludge which has been tested 
and found not to have hazardous levels of contaminants. There 
are also 20 permits for the dteposal of municipal wastewater 
sludges which may contain hazardous substances such as lead or 
cadmium. The permits specify how toapply sludges at sofe levels. 
To date, studies conducted in other states have shown no signifi- 
cant ctnanges In groundwater quality due to the application of sewage sludge contairing heavy 
metals. 

Wudrfal land applcations of waste occur the least ftecfje^ 

slaughtered or dead animals) to lime sludge which has a high pH Oeft over from water treatment) . 
Industrial wastes ore controfled under the Resource Conservation and Recovery Act (RCRA) and 
state rules for land disposal At these sites, groundwater conditions and waste contents are consid- 
ered prior to Issuing a permit for disposal of most of these types of wastes. 

Bactodd cortarrMon Is a concern where sludge hc« not been p^ 

has not been contTDled , and for shalow wels within 300 feet of the site (especial 

Current land application practices do not appear to have had any significant Impact on ground- 
water quolty. although clearty there has been a lacl< of monitoring at these sites. The numlDer of acres 
involved in land oppfcation may Increase h the tWure as feshk^^ 

Managing Natural Fertnizen for Minimal Risk 

(from 'A Guide for Safe. Profitable Fertilizer and Pesticide Use" by the Soil and Water Conservation 
Society) 

Environmental risl<s presented by manures and sludges, or "natural" fertilizers, ore much the same as 
those provided by commerclai fertilizers. Ho\ >ver, solutions for minimizing environmental risks may 
bedifferefit. 

1 . Tie appicoNons to crop use. Timing of manure and sludge appllcottons should be as close as 
possible to periods of use by the crop. Avoid spreading these materials on frozen soils or snow 
cover to minimize soluble nitrogen and phospnote losses resulting from runoff caused by rainfall or 
snov>ffT>eit. AppHcatlof^ during periods v^^en evap>otransplrotion exceeds precipitation can also 
help minimize groundwater contamination. 

2. Incoipotal^ Getting the manure down hto the sol t>ylrijection a immediate tilagegreatty reduces 
nutrient losses. However, plowing, disldng or other tioge in the fal that buries most crrpre^ 

crease sd erosion risis unless proper precautions are taken. NItrtflcatton inhibitor may help reduce nitrogen 

tosses also if manure or sludge is Incorporated becrxjse nitrogen h manure or s^ 

ammonUnfoim. 

3. Consider etoslon potential. When necessary to apply these materials In the fall or winter, or 
when incorporatton is Impossible, select fiekls with low erosion and runoff potentlols. AppHcattons 
on well-established winter cover crops and on pasture or hay fields con reduce the potenttal for 
nutrient loss and surface water contamlnatkjn. 

4. Document heavy metal content d sewage sludge. Sewage sludge often contains cadmium, 
lead, zinc, copper arxJ other heavy metals that may iDe toxic to crops, humans and other animals. 
Because tolerance levels for heavy metals depend upon a soirs physteol and chemteol charocter- 
lstk»,youshouidflrstvvori<vvtthapfOfesskxKiltoestablshtolerancelevelsft^ Neverapply 
sewage sludge unti heavy metd content is kncwa Keepaledgerofanrujalapplcaticnsforeachfteld,and 
never oppty slixlge to a field where heavy me*d tolerance levels may have been reached 

5. Avow excessive rates. Apply manures and sludges on sols having a high seasonal water table or rapid 
permeabiWy at rates based on on analysis of their nutrients and heavy metal concentrations as 
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well as yield goals. "R-ie risk of groundwater contamlnotton 's high cn these soils. 'Jie of nitrogens in 
manures and sludges may be low when applied to land Intended for a legume crop. 

6. Consider energy production from mettiane gas. 

Melhone Production 

Souces for the production of methorie gas Iridude onirnd \^ 

sewage, and soOd waste in tandfifc. The production of friettKineftom these feedstocl<shvol^ 

(without do d^estlon, a process In which bocterta cor'isufT^ 

ment. The main product is biogas. which rises out of the siuny. 

Blogas Is a coloriess, 1VxTVTx*)ie gas composed Gf 60 to 70 percent rrieth^ 

dtadde. and traces of other gases, inducing hydrogen sulfide. The heating value or mettxane Is 600 to 700 

Btu/cubIc fbot, and tt« gas con be used either dtedly as a heating tUel, tbr el^^ 

htemd combustion enghest 

Ntonv' types of pbrit and onlmd matter can be digested anaerobic 

prodijctton varies. Genera«y, the best feedstode are wet blomass such as. ^shonlmd manure or wastes 
such as those generated by industries that process cheese, vegetables, ftult, meat, grain and pharmaceuti- 
cals. 

Animal manure Is ine most widely used feedstoclc because It requires little pretreatment before 
entering the digester. Pig. cow and poultry wastes ore most commonly used because they have 
high non-fiber solubles. 
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Sewage 9udge 
Sewage Sludge 
Sewage Sludge 
Sewage Siudge 
Sewage Shxige 



Sewage Slidge 
Sewage Sludge 
Sewage Sludge 
Sewage SLidge 



MunicipdSoSd Waste 



IS/lunic!pd Sold Waste 
Food Processing Wastes 
Sewage SkxJge 
Municipal Sole Waste 
Manure 
Londfl 



Sewage Skjdge 
Sewoge Sludge 
Sewage Slidge 
Sewoge Sludge 
Sewage Sludge 
Manure 



Sewage Sludge 
Sewage Sbdge 
Sewage Skxjge 
Sewage Sludge 
Sewage Skxjge 



Sewage SkJdge 



Municipal So«d Waste 



FociMv 

Algorta.Qtyof 

Ames Water Pdution Control Plant 

Anamo6a.CByof 

Atlantic Water Pdution Control 

Cedar I=dl5 Water Reclamation FaclHy 

Ceda Rapids, City of 

OorindcCltyof 

Courtd Bluffs PoButlon Control 

Decorah Wastewater Treatment Plant 

DenisonMuniclpai Utilities 

Des Moines Metropoltan Area Solid Waste Agency 

FDL Foods, ire. . Dulxjque 

Forest City Wastewater Treatment Facility 

Glenwood Padflc Junction Wastewater Treatment Plant 

Greig and Company, Estfiervie 

Iowa Bectric Ug^t axj P(>Mer Cornpany, Cedar Rapids 

Keokiic Water Polution Control Plant 

K!iOD(vi8 Wastewater Treotrrtent Plant 

Maquol<eta Water PoJution Control Plant 

MoRhdWown Water Polution Control Plant 

Mason Oty Wastewater Treatment Plant 

McCat^e Hog Farm. Mount Pleasant 

Metcdf & Eddy Services, Water Pollutton Control Plant. Fort Dodge 
Muscatine Water Position Contrd Plant 
Nevada. CBy of 

Newton Water Pdution Contrd Plant 
Pela PUdIc Worts DepartfDent 
Prof^ssiond Services Group. Sioux City 
Sioux Center Landm 

Wo5hlngton,atyof 
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II. lAGOONS 

taooonEOfeaknoAffisouictifOforouncK^ Iv J J 

Impact Is vwyslmllartolandlteexcep^lt^ 

cWeisorKj the ccxtrorrtrxatkx) process Tbefe Is a constant 

hydroulte t)ead present In a tagoon (pressue 

ttwuQiittTesol. Less ttx3n1^/epen»nt of lo^flrt^'5 lagoons ore suspected of le^ 
The lo^A«3 DepartmeTTt of Naturd Resources re^^ 

jogoonslhatdbctxirgetosurfdcewatef. The Departrner*ty» also Issued opecotlno permits for about 
1tTesemHDubfcorprlvatelaQ0onshth>estate. Aseepageroteof V16ofanlnctiperday>A/lthsb(feetoft^ 
balowed. For a one acre lagoon J/16 of an Inctiec^jals over 6(X)jOOO gallons per ye^^ 

Researct^ tvasstxxynttxjt oflpteuhfcl lagoons txave a natural bottom seeing mectvanism v/hlcti prevents 
©Kcessh/e seepage after a short period of use. However, lateral seepage hto nearby streams or discharge 
points Is oteo expected. Groundv>«3terrTKX^OflrTgneaa hog v»A3Ste storage pond hcentndiowv^ 
concenrfrotions of elgtit to ten times the drinking water standard fa nitrate. 

Lagoons located near private a pubic y/el» in karst terrain and lagoons contoining toxic wastes txave the 
hlj«st pc^erirtld for causing signi(kxyTt groundwat^ 

Lagoons are Inexpensive to construct, maintain and operate. Thus, they vflB continue to be used in the 
treatmerTt of wastewaters in ttie future. 



III. SEPTIC TANK SYSTEMS 

Septic tanks con pdule gioundwalef if there is too mucti waste for the soil to treat a if tiTe soills too 
pennneabie,alowing untreated wastes to reach the groundwotertobia 

An estimated 25 to 35 percent of the househokjs in kjwo use septic tanks. Local contamination may occur 
near an/ single unit; however, regkxxal probierrts caused by the density c^ tanks in a reg^ 
rTKjjor corcern of nriost regutatory agencies. 

A dmisUy of 40 or .Tfiore septic tank systems per square mile represents o potential threat to the shallow 
goundwaterofthearea. Based upon county^wlde statistics, PokCourrty and Unn County ae the on^ 
counties vtfhk:h approach or exceed this density in the state. Of course, local densities rriay exceed these 
estlriKites severd tirnes depending upon ttie dstributkxi 

The pdutcnls most commonly found relative to septk: tank systems are nitrates, bocterka, a mixture of 
orgarfc conpounds, and severd Inorganic compounds (such OS sodium, chk>^ 
magnesium and sulfates). Septfcsysterro are not a ptk^x source of nitrate fa groundwater although 
oe one Of mcny sources. 

towaDeportTTiertt of f^torturd Resources rutes contain s^^ a 
rnlnlmum depth to groundwderdttwe feet, a minimum sepcratlon dbtan^ 
supp^' v»/el and 200 feet ftom a pubic wata suppV wel , and a mcodmum percold 
minutes. No minimum percoiatkxi rote is given, though unstable ground Is to be avokjed 

Whie contaminatkxi from septic systems has 0 kxx]l impact on wo^ 

density . the nur7t>er septic tanks Is expeded to decrease nea metropoitcr areas as p 

focfc.:* ore mode avoHoble. SpeclficdIy.eKpanskxid the Des Moines v^stewatatreatrr^pka^ 

pectedv#ilntt>enextflveyearsardvJservlceporttonsdthedtyprevtou^ Unsewered rurd 

coiTimu^ ore dso encouraged to pro^ pubic treotrrient. Zbning a lend management controls to 

restrid the density of septic tanks according to soil types may be helpfd in some kx>^^ 

21 " 
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Land-applied Wastes 



Ufe Science 1 period 

Quick Summary: Students will fitter 'simulated liquid/solid waste" through layers of soil, record 
obsefvotlons. and discuss Implications for tand-applied manure or sludge. 

Ob)«cnvos: Upon ccmpletlon. the student will kx? able to; 

1 . Critically discuss the application of animal wastes, municipal sewage, and industrial wastewater 
treatment sludge on the kind surface. 

Mot^riois: 

For each group of 2-4 studejits: 2-llter pop bottles, food coloring, penci! shavings, fine sand, coarse 
sand, grovel, potting soil, clear plastic tumblers, paper towels. 

Pfintttd/AV Materials: 

Student woricsheet 

OvMtiead: Managing Natural Fenilizersfor Minimal Risl< 
T«och«r Information: 

Manures and organic materials can benefit soil in two ways. Rrst. they contain Important plant 
nutrients; second, they add organic matter to the soil, thus contributing to the maintenance of soil 
structure and tilth. But when improperly applied, nitrogen and other chemicals represent potential 
problems for water resources. Heavy metals often found in sewage sludge may present additional 
environmental risks. (See also the background Information at the beginning of this unit.) 

Proc«dur«: 

1. Advance preparation - prepare a 'slmukated ik^uW/solkJ waste': add several drops of food 
coloring, a small quantity of pencil shavings and tiny paper scraps (paper punch) to 1/2 liter of 
water. 

2. Divide the class into groups of two to four students, and distribute worksheets and materials, 
reviewing directksns if necessary. 

3. Have students perform the simulation of land-applied wastes. 

4. Discuss results and questions using the overhead Managing Nature) Fertilizers for Minimal Risk. 
Note: Sludge Is often applied in a dry form and spread over the field, not dump>ed in one spot as 
the simulation might suggest. 

5. Discuss why spreading manure on fields could be good for energy conservation. (It can 
replace commerckal fertilizers whtoh use natural gas and lots of energy for production, packaging 
and tronsportatton.) 

MemoHve: 

If rTKDf© ttxan or» ckass is doing this, use the sarne bottle to show how land become 

overtooded The tlrne can be rneasued for ttie simulated waste to drain through the simiiatedsoa. Itwill 

tcke kxiger each time and have less color change. 

Extension: 

1. What concerns does Industrial sludge present? What possible haza^ 

2. If there Is a methane production facility nearby, contact them for more local information . Refer 
to the list of facilities in the unit background information. 

1. Pye. V. and Ruth P. 'Groundwater Contamination In the United States: Science Vol. 221 , August 
19, 1983. 

2. Managing Manures and Other Materials - Soil and Water Consen/atk5n Society 



Land-appllad Wastes 

SKjdertWoricsheet 



Name. 



1. Prepare ccieaplastk; pop bottle as fblows: 

a RerrxsvebGftonristopiocluceaiQrgefurriel 
(^ovecops). 

b. Add sol, sortd, grave) in oltetrKstirtg layers 
to ttiefljrviel (about 1* layers). Separate 
eachbyerwItiapapertosveL Copbottles. 

c. PoufClear)tap\water1tvoughtt)e"slrnu- 
lated sol proflle' to speed ttie simulation later. 



2. To simulate thie use of lond-applied ma- 
nure or sewage sludge, pour 'simulated 
liquid/solid waste' slowly in ttie 'simulated soil 
profile.' Moke careful observations of thie 
simulation, and record thiem hiere. 




PAPER TOWELS 

PAPER TOWELS — ff^r^:^::^^^ 



PAPER TOWELS 




•2 LITER POP BOTTLE 
WITHOUT BOTTOM 

SOIL 
SAND 
GRAVEL 
CUP 



'SIMULATED SOIL PROFILE" 



3. Collect a small amount of leachiate (10 mD and compare ttie beginning solution with thie 
sample of leactKite. How are thiey alike? How are thiey different? 



4. How does filtration reduce the potential pollution due to manure or sludge spread over a field? 



6. What are ttie risks wh^en Iquid/sc * wastes Oike manure and sludge) are appled on the kyid? 



Managing Natural Fertilizers for Minimal Risic overheod 

1. Tie Applications to Crop Use. 

2. Incorporate 

3. Consider Erosion Potential 

4. Document Heavy Metal Content of Sewage Sludge 

5. Avoid Excessive Rates 

6. Consider Energy Production from Methane Gas 
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Septic Tank Systems 

LIfeSclence 1-1/2 periods 

Quick Summoiy: Students make end operate a simulated septic tanl< systrm ar^d survey someone 
with a septic system to chock for safe placement. 

ObjDCiivM: Upon completion, the student wii; be abie to: 

1. Discuss the rde that septic tank systems ploy in on-site wastewater treatment. 

Materials: For each group of 2-4 students: 2 clear piastte tumblers (6-8 oz.), sand, paper towel, soil 
sample, flexible straws. 

l»rtnted/AV Materials: 

Intoimatlon sheet 
OvwtMads: 

Septic Tank System 

Rgures VI- 1 , VI-2. VI-3 on page 1 -3 of this unit 

Figure VI.4, Water Down tt>e Drain, from unit background information 

Woricstieet: Septto Systems ~ Simulatbn & Survey (2 pages) 

Teach«r InformaHon: 

Polutlon of groundwater from septic tank systems occurs wtien ttie capacity of the sunounding sol to treat 
the wastewater Is exceeded or when the underlying sols are hight/ permeable aSowing contar, liants to 
fOpWy move to the groundwater table before treatment Is complete. (Refer also to the infbimation sheet.) 

Procedure: 

1 . Using ttie overheads, briefly discuss where wastewater goes. 

2. Briefly discuss how a septte tank system works, using the Septic Tank System overhead. 

3. Divide the class into groups of two to four students, and distribute the worksheets and materials, 
reviewing directions briefly. 

4. Hove the students do the simulation (part 1) in class, and take the Septic System Survey (part 2) 
to do at home. 

5. Discuss results of the simulation and survey. 
ExtenskMi: 

Visit a septte tank system. 

Survey the student popukitlon for use of on-site sewage treatment system. 

Cornpae or>^e sewage treatrrierTt system with fTiunk^ 

C:cl the couTty health departrrierTt tor courirty regulations septic to 

Refererwe: PM-938 ISU Cooperative Extension ServkDe, Home Sewage Treatment, November, 1982. 



0 1 
VI-15 



Septic Systems 

in(ionTH3non Sheet 

The Leaching FUMcS 

Tbeso«c*60fpHonfleWorleachlrgfle^ safely disposes of wastewater below the 

suffdc» of ttie grourd. and It acts as a fiter by rerrK>\^ 
contcn^xiiisftornltTe wasfeyA«3ter before ttiey feacli tt^ water table. 

Watertight pipes transport wastewater from the septic tank to the absorption trenches. A distribu- 
tion box or several drop boxes may iDe used to divide the wastewater among the trenches. Perfo- 
rated rigid plastic pipe or agricultural drdn tile is used to distribute the wastewater throughout the 
trenches. A gravel bed below the distribution pipes provides temporor/ storage for the septic tank 
effluent unti it can be absortDed by the floor and skJewalis of the trench. 

Trenches ore purposely shallow (generally 36 Inches or less) to take advantage of well-drained 
topsolls and the oxygen contained In them. Oxygen In the trench (aerobic condlttons) speeds the 
decay of the nutrients In the wastewater and promote-, the formation of end products which are 
less odorous than those formed under oxygen-deficient (onoerobte) conditions. At greater depths, 
soils are frequently less permeable and the probability of encountering the water table is greater. 

The Septic Tank 

The purpose of a septte tank is frequently misunderstood. While septte tanks ploy an important role 
in on-site wastewater treatment, they do not provide complete sewage treatment. Effluent from 
septk5 tanks contains bacteria, viruses and dissolved chemteois which con contaminate groundwa- 
ter Of lakes and streams. To achieve adequate treatment, septic tank effluent must pass through a 
son obsorptton field or some alterriatlve treatment device such as a mound or sand fili-er. 

Protecting the soil obsorptton field is a primary functton of the septic tank. An adequorely sized 
tank dtows settieable solids to form a sludge layer in the t>onom and flooting materials to occumu- 
k3te In a scum kayer at the water surface. A baffled or submerged outlet from the tonk altows 
ctariTied wastewater to leave the septk: tank while retaining the scum and sludge. This is extremely 
important because scum or sludge con easily clog soil pores causing premature failure of a leach- 
ing field. 

Bacterial action within a septic tank helps to break down the scum and sludge that is retained. The 
rate of decomposition Is normally quite slow; therefore, a gradual buildup of these components 
con be expected and periodic removal of scum and sludge Is necessary. The use of kitchen 
gartxage disposal equipment increases the solWs content of the wastewater and generally accel- 
erates the rote of sludge occumukation. Selecting a septic tank with adequate storage volume for 
scum and sludge Is Important since this reduces the frequency of removal of these materials. 

Conventioncii System fkiiiures 

One of the most serious breakdowns that con occur in conventtor^al systems is soil absorption field 
foilure. This occtjrs when trenches cannot obsortD the daily wastewater kxid. As a consequence, 
wastewater bocks up Into the bulWlng sewer or seeps to the ground surface. Proper design, 
construction and maintenance of the s^em are the best insurance against absorption field 
failures. 

PianrJing A Conventional System 

Good ptanning Includes a site survey of buikjings. water supplies, tfie soil and drainage characteris- 
tk:s. Proper sizing of the obsorptton field and septic tank are also Important. 

How often does a septic tank need to be cieoned out? 

Depending on the size of the tank and the number of persons in the household, cleaning may be 
needed as often as every two yeors or as seldom as every 10 years. 
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Septic Tank System Top and Side Views 

Source: ISU Cooperative Extension Service Pm-938 



Overhead 




SeotiC Tank 



Scum i Sludge 
TroDDeU Here 



Distribution Box 
or Drop Box 




-woter Toble- 



Filtered wostewoter 
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Septic Systems 

student Worksheet 



Name 



Part 1: Slmuloflon 

1 . Prepare a "wastewater" sample - sand and bits of paper (from paper punchi) 

2. Construct a mode) septic tanl< system: 

a. Label one deaplcBtIc tumbler as ttie "septic tank.' 

b. Pour I: ito "septk: tank," about 3/4 fuH. a wett-sHrred sample of Vastewater." 

c. Allow "wastewater* sample to sit for one or two minutes. - Observe carefully and record. 



d. Prepare a second tumbler, 'simulated leachi 
field." as follows: Add attemating layers of sarxl 
and potting soli, separated by paper towels. Thor- 
oughily wet withi water to hiosten thie flow of liquid 
thiroughi the system and to "simulate" the leach field 
action. 

e. After the "wastewater" has settled, you 
will connect the "septic tank" with the 
"leach fiekj" vks a flexible straw. Set the 
'septic tank" on a book or other riser. Use a 
rubber bulb or other suctton to get water 
Into the straw and allow the "wastewater" 
to fk3W into the "leach fiekj." (If the "leach 
field' gets too full, pull the straw out of the 
"wastewater".) Make and record careful 
observations of the action of wastowater in 
the .each field." 



STRAW 




— PAPER TOWEL 

— PAPER TOWEL 

— PAPER TOWEL 

— PAPER TOWEL 



" LEACH FIELD " 



Part II. Survey 



rLEACH FIELD" 



WASTEWATER — 



RISER- 




Find a friend or relative who has a septic tank system Onstead of being connected to a municipal 
sewage treatment system). Find out the fdkDwing information. 
1. a. From where do they get their drinking water? 



b. If their water is from a private well, how close is the septic tank to it? 



c. How close is the alDSorption field? 



2. How close is their house to: 
a. the septte tank? 
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b. the absorption field? 
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3. Refer to the table below. Is there anythlr^g closer to the septic tor^k or absorption field than the 
recommended minimum separation distance? Write 'yes' or "no" for each item. 
If so, record to one side how close It is. 



4. Besides separation distance, what Is one other factor to consider when planning a septic sys- 
tem? 



Table 1. Recommended Minimum Separation Distances in 
Feet from Various Units to Septic Tonic and Absorption Fieid. 


Closer then Reconvnended 
Minimum? (Yes or No) 

■Till HI 1 Iwfl 1 ■ • ^ • WW w» w'm^wf 

If yes, record distance. 


Untt 


Septic Tank 


Absorption Fieid 


Private Water Supply Source 


50 


100 




Public Water Supply Source 


200 


400 




Lake or Resen/oir 


50 


100 




Stream or Open Ditch 


25 


25 




Dwelling or Other Structure 


10 


10 




Side or Rear Lot Lines 


5 


5 




Front Lot Lines 


10 


5 




Other Subsurface Sewage 








Treatment Facilities 


5 


10 




Pressurized Woter Lines 


10 


10 




Suction Water Lines 


50 


100 


1 
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Sewage Lagoons 



• 



Ufe Science 



1 period 



CkkkSunvnciy: Shjdents operate a grcxjndwoterrrxxjel to 
90urx^A/ater end discuss the safe use of lagoons. 

Objectives: Upon completion, the student will be able to: 

1. Discuss critically the safe use of sewage lagoons. 

Teacher information: 

Refer to unit background Information. 

MotwiolK Fof each team of four students: 
grojndwater rTKXlel and supples (refer to Appendix A.) 

Printed A/V Material: 

Ovtmeod : Figure Vl-2. Lagoons, page VI-2 

r^Ho^Sudents set up the groundwater model as shown In Figure 8 of /sppendix A. Great Ways to 
Use the Groundwater Model 

2. Discuss reasons for using lagoons. 

3. Dbcuss reasons why lagoons are potentially harmful. 

4. Discuss regions of the state of Iowa wtTich ore o( concern regording lagoons. 

Extension: Survey local area for sewage lagoons and use. 



• 
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APPENDIXES 



Appendix A. GREAT Ways to Use the Groundwater Model 

(GREAT- Groundwater Resources and Educational Acttv/ttles for Teachiing) 



The f Glowing are hstiucttors for using ttie grourdyA/oter 

stratlore. These ace suggested mettxxjs. Teachers are encouraged to experiment. Further backgrotnd 
Information Is given In each sectloa 



Motwicls: 

plastlcbox(12'x6'x2*) 
aquarium 9avel 
fbam<2plec©s.l3"x21/4" 

and rx 2 1/2") 
spray pump 
plastic straws (2) 
powdered drink mb< 
food coloring 



paper towel 
film canister 
pGpoai 
rulers (2) 

sugar cubes (20-30) 
cup ODlastlc or paper) 
water container 



Basic Groundwater Modet Use aquarium gravel, pump, piostte straw, and foam to build the groundwater 
rrKXjelasshownlnFlguel. Pour water in the model. (Dbserve, record, and discuss the results. Usettie 
spray pump to show how a wel pumps v^er from an aquifer. Use Vne plastic straw to simulate an artesian 
system. (The confining layer of foam on top rrxjy need to be held in place.) 

FerWz»r/Ptstlckto Model: BuiWthegroundwata modelasshowninFigue2. Sprinkle powdered drink 
mlxonthesurfaceasshowntorepresentf^erorpestlckJesputonafield. Sprinkle water over ttie 
surface to sknukite rain and observe, record, and discuss the results. 

Londfln/AbondorMd Wa$l« sn« Model: Build ttie groundwater model as st^own in Figure 3. Roll a 
paper towel Into a baH and saturate it with food coloring. Race it beneath the surface as shown 
to represent an Improperly designed abandoned waste site or landfill. Pour water on the surface 
and observe, record, and discuss the results. 

Leaking Undw^ound Storoge Tonic Model: BuiW the groundwater model as shown m Figure 4. Puncture 
aflmccy>lsterins©vefalplaceswHhapinandtllitwithcolOfedwater. Place It beneath the surface (not 
along the stele of the box) as shown. Pourwater on the surface and observe, record, and discuss the results. 

Ag-Drdnoge Wei Modet Build the groundwater model as shown in Figure 5. except for the straw. Pour 
cleav^erontheirTpermeablefbamtoslnrxjteiteamarsh. Then insert the straw (acKlrahageweD and pour 
clearv»«3teronlt. Then pour colored water (to represent agricultural chemicals) on it. (Observe, record, and 
discuss the results. 

Abandoned Wei Model: Buitelttie groundwater model as shown in Figure 6. The straw with holes in It and 
v/ithdoyplug^theboltomsimukatesanabandonedwel Pour colored water into the abandoned vy/el and 
observe, record, and discuss the results. 

Sinkhole Model: Build the Groundwater model as shown in Figure 7. Bury about 20-30 sugar cubes (at 
least 3 hlgh.4 and 2 deep) to represent a teiyer of Imestone that Witt be dissolved to 
Useanonpermanentmari<ertodrawalne^K)wlngthesurface. Set up a pop can witti holes to slowly 
sprinWehotwoterontothesurfbceoverthesugorcubes. Pour colored water Into the sinkhole to simulate 
contomhatedwaterenteringtheoqulferthroughtheslnkhole. Observe, record, and discuss the results. 

Lagoon Model: Build the groundwater model as shown In Figure 8. Tape over the hole. Pour water Into the 
gavel to create a water table as shown Fi the teigoon (bottom part of a smal plastic a paper cup with pm 
holes) with cdoced water. Pump, and observe, record and discuss tr>e results. 
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GREAT WAYS TO USE THE GROUNDWATER MODEL 



I— POUR WATER HERE 




r- SPRINKLE WATER HERE 




fO 



Fig. i: BAJIC GROUNDWATER MODEL 



Fig. 2: FERTILIZER / PESTICIDE MODEL 



r-SPRINKLE WATER HERE 



L 




PAPER TOWEL SATURATED 
WITH COLORED WATER 



GRAVEL 





■SPRINKLE WATER HERE 



• PUNCTURED FILM CANISTER 

WITH COLORED WATER 



o "ia. 3:^NDFIL^ /(ABANDONED WASTE SITE MODEL 



Fig. 4: LEAKING UNDERGROUND STORAGE TA 



GREAT WAYS TO USE THE GROUNDWATER MODEL 



r-POUR COLORED 
WATER HERE 




Fig. 5: AG- DRAINAGE WELL MODEL 



HOLES IN 
BOTTOM OF 
CAN 



POP CAN WITH HOT WATER 
RULERS 




POWDERED DRINK MiX 



L 



■MARK TO SHOW 
TOP OF GRAVEL 



SUGAR CUBES ALONG 
SIDE OF BOX 



Flg.7: SINKHOLE MODEL gr,^. 




POUR COLORED WATER HERE 




• — STRAW WITH HOLES 



FOAM 




CLAY PLUG 



Fig. 6: ABANDONED WELL MODEL 




POUR COLORED WATER HERE 



•-PINHOLES 



GRAVEL 



WATER TABLE- 



PLUG- 



3 



Fig. 8! LAGOON MODEL 



Appendix B. Groundwater Project Ideas 



Methods of Presentation 



Essay 
Story 
Roy 
Poem 



Editorial 
Diary 
Pamphlet 
Advertisement 



Drawing 
Poster 

Pfioto display 



Slides 
Video 



Commerctal 

Sun/ey 

Inten/lew 



Investigation 
Coliectton 
Teachi a lesson 
Book reports 
Bumper sticl<er 
Editorial cartoon 
Comic strip 
Guest speai(er 



Model 



Suggested ideca 

Eact^ Idea can be adapted to one or more methiods of presentatbn. Select an idea from thie list 
below, decide on your methiod of presentation, and complete one project. 

1. Interview a person wtio tios a contaminated drini<ing water well. 

2. Depict an alternative to landfills ttiat you personally would use. Include tiie benefits and draw- 
backs of this alternative. Give some specific examples. 

3. Depk:t changing life styles as a result of unsafe drinking water. 

4. Create a motto for a groundwater protection program. 

5. Interview the director or engineer in charge of a landfill. Ask about day to day operation, 
pollution, and future changes antteipoted. 

6. Inten/iew a farmer who farmed before the time of widespread use of nitrogen fertilizers. Find out 
about yields, prices, profits, coriservcrtion practices and groundwater concems. 

7. Make a collection of rocks and aggregates important in underground aquifers. Make a display. 

8. Show how you and your family can help protect the environment from hazardous waste. 

9. Depict a farmer's dilemma because of the use of chemicals and concern for groundwater 
'protection. 

10. Encourage support for groundwater quality or describe on unsafe practice which threatens 
water quality. 

1 1 . Demonstrate ttie design and operation of a water treatment plant. 

\1. Inten^w on employee of a water treatment or sewage treatment plant. Ask about methods, 
pollution, and planned changes in operation for the future. 

13. Present to the ckass information obtained from gardener on the benefits of organic gardening 
methods. 

14. You are the mayor of a town who will have a major say in the decision to pkice or not place a 
hazardous waste dump site near your town. The town stands to gain a lot of money and other 
benefits. Describe what you will decide and why. 
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15. Depici' a family who has to obondon their house because of a chemicai spiii nearby. 

16. Show a deslgr^ for or^ environmentoily safe product soid ir^ a nor^-poiiutir^g pacl<age. 

17. Organize or participate in a recycling project. Prepare a report on what happens to the 
materials when they leave your town. 

18. Collect a scropbook of newspaper clippings about groundwater Issues. 

19. Interview a F>erson Involved In the manufacture or distribution of pesticides or fertilizer. Asl< 
about health, pollution and other things. 

20. Do some library research In the Guide to Periodical Literature. Depict our throw away society. 
Discuss the benefits and problems associated with a corwumer-oriented. waste-producing lifestyle. 

21 . Invent and describe new uses for product packaging that you would rormalty just throw away. 

22. Design a resource recovery system for recycling and then Incinerating trash. 

23. Present rules and guidelines for handling hazardous materials found in the house. 

24. Inten/lew a well driller. Ask how they find water and what they have leomed about the state's 
groundwater supply. 

26. Read Silent Spring by Rachel Corson. A Sand County Aimonnft by Aldo Leopold or some Other 
book or magazine article dealing with pollution or water supplies and present a report summarizing 
the main points. 

26. Interview a person who operates a gas station or other business that has an underground 
storage tank. 
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Appendix C. Woter Quality in Iowa: Surface & Groundwater Perspectives 



How does groundwater fit into tt^e total water quality picture In Iowa? How do surface water 
concerns compare with groundwater? 



'Comparisons of Surface and Groundwater Quality 

The closer water Is to ttie surface, ttie more susceptible it is to contamination by human activities. 
This means that surface water Is most likely to be polluted, followed by alluvial and other shallow 
aquifers, and finally by deep aquifers. TWs Is due In port to the filtering effect of the sol! and rock 
kayers above aquifers. However. If contaminating activities ore not stopped, deeper aquifers may 
also iDecome more contaminated. 

It Is not safe to drink untreated surface water in Iowa due to the high risk of getting sick from dis- 
eases carried by bacteria or viruses. Publte water supplies must disinfect water whether it is from 
the surface or from groundwater. However, many private wells supply groundwater for drinking 
without disinfection or other treatment. 

Although groundwater has trodtttonally been cleaner than surface water, groundwater is much 
more dMflcuIt, and sometimes impossible, to clean up. Groundwoler generally moves much more 
slowly than surface water, and thus simple flushing usually doesn't wori< Also, due to the variability 
and complexity of underground materials. It Is often very hard to predtet groundwater movement. 
This Is why Iowa's groundwater protection program emphasizes prevention rather than cleanup. 
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Surface Water Quality 

One way to assess surface water quality is to evaluate the ability of a water body to support Its 
designated uses. AH of Iowa's surface waters must meet certain water quality conditions, but more 
specific chemteol and bacterial standards apply to waters designated for particular uses. In Iowa, 
the major use deslgnatbrts ore: 

Class A: Primary contact (swimming and water skiing) 

Class B: Aquatte life and secondary contact (boating and fishing) 

Class C: Drinking water 

In 1988, DNR evaluated the ability of Iowa's surface water to support their designated uses. The 
results in Table C-1 show that most of Iowa's waters are being impacted by pollution to such a 
degree that their designated uses ore only being parttally supported. 



Tnhio r-l Pftrrpnt of lowo Wnters .<5ijnnortlno Desianoted Uses 


Water Fully 


Partkally 


Not 


Type Supporting 


{KjppQftIng 


Sijpoortinq 


Streams 1% 


82% 


17% 


Lakes 34% 


61% 


5% 


Wetlands 32% 


54% 


14% 


Reservoirs 0% 


100% 


0% 



Waters that either fully or partially support designated uses meet the flshable/swimmable goal of 
the federal Clean Water Act. These waters support balanced populations of fish and other 
aquatic life, and they support recreation In and on the water. Waters that partially support desig- 
nated uses have minor to moderate water quality Impacts ttiot may limit the amount of fishing or 
j.wlmmlng that occurs there, even though it is safe to do both. Waters Identified as "not support- 
ing" designated uses do support aquatic life and/or water-based recreation. However, certain 
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aspects of designated uses In these waters, for example, swimming or fishing for channel catfish, 
are not supported due to severe water quality impacts. 



Run-off from farm fields, including silt, nutrients (or fertilizers), and pesticides, caused the most 
damage to Iowa's surface water quality. Examples of other pollutants include disease-caur^ng 
bacteria, metals (such as mercury and copper), and orgonics. 

nsh ions and Health Advisories 

Although no surface water was closed to fishing In 1986 or 1987. 42 fish kills were reported. Only 
nine were considered to be caused by toxics, and six by ammonia. About half of the fish kills were 
from naturallyoccuriing conditions, such as low dissolved oxygen levels, disease, or high water 
temperatures. Other reported causes Included animal wastes, fertilizer spills and Industrial waste 
discharges. 

Studies from 1983 to 1987 hove shown that samples of channel catfish fillets commonly contain low 
levels of chlordone. dietelrin. PCB's. metabolites of DDT. Trefkan. and the metals cadmium and 
mercury. Levels of pestlckles in fish from streams and rivers hove tended to be higher than levels In 
, fish from takes. Toxics In fish tissue most likely to occur at levels of concern ore the pesticides chlor- 
' done and dieidrln. and PCB's (polychkjrinated biphenyls). Levels of contaminants In fish from most 
Iowa streams and takes are well below levels of concern and do not pose health risks to consumers 
offish. 

In June 1989. a health advisory was Issued which recommended people not eat carp taken from 
the Iowa side of Pool 15 of the Mississippi River near Davenport. Iowa, due to PCS contamination. 
The only other fishing advisory In Iowa is due to chlordone contamination at Cedar Lake, a prl- 
votely-owned take In Cedar Rapids. The warning not to eat any fish from Cedar Lake has been in 
effect since March 1986. 
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Appendix D. Water Quantity Considerations in iowa 

DOftS iOWfl anou^ h wotar? 

In general. Icwa has been very well off In terms of water quantity, especially compared to western 
states. Having enough water has not historically been a problem In Iowa, but there Is potential for 
problems where water may be limited In some areas or at certain times. Problems con occur If 
more water is withdrawn than replaced over a long period of time. These problems fall Into three 
general categories: geologic limitations, drought and local competition. 



In some places (particularly southern Iowa) there Is plenty of groundwater, but It naturally has so 
rDOny dissolved mlrierab In It (from being In deep bedrock for so long) that It Is less desirable for 
most purposes. The natural water quality Is fair In northwest Iowa and good In the northeastern half 
of the state. (Refer also to the discussion of natural water quality In the hydrogeology background 
Information.) 



2. Droughts ^ ., 

Long periods of drought occur In Iowa about once every 20 years and are the cause of most locai 
ar»d regkjnal shortages and water use conflicts. 

3. Local Competition ,^ , , ... 

Isolated pockets of high usage may cause water levels to lower In deeper aquifers in major ciTies or 

Industrksl areas. 

People's perception of water availability ore also affected by cost. How much are people willing 
to pay for useable water? First of all. It costs more to dig deeper wells. Secondly, it costs to clean 
water - whether contaminants ore naturally occurring or from human causes. 



Whot eon w do to r«Qlv wotar shortage probtems? 



1. Protect Water CKiQltty 

The most Important thing we con do Is to prevent water contamination so that we con use the 
water we do have. 

2. Water Allocation 

Iowa kiw has a priority oilocotton plan which may suspend or restrict water use on a local or 
statewWe basis in the following order (from the towest to the highest priority): 

a. Conveyance across state boundaries. 

b. Recreotkjnol or aesthette purposes (such as flooding wildlife areas or pools; washing cars, 
streets or windows; amusement pari<-type water rides or turf watering). 

c. Irrigatton of hay. com. soytDeans. oats, groin sorghum or wheat, 
d Irrigation of crops other than those listed above. 

e. Manufacturing or other industrial processes. 

f. Generation of electrteol power for puWk: consumption. 

g. Livestock productkjn. . , , ^ 

h. Human cor.sumptk3n and sanitation supplied by rural water districts, municipal water systems, 
or other publk: water supplies. 

I. Human consumptkjn and sanitation supplied by a private water supply. 

3. Water Conservation ^. , 

Water conservation practices ore generally used during droughts and there ore many practical 
methods that can be used In homes. Industries and for Irrigation. For example, the three mam 
pkaces of water use m homes are: the bathroom (76%). kitchen and taundry. Outside uses (such as 
lawn and garden watering and street and sidewalk washing) are another major factor in some 
suburiDon communities. Woter Is a prectous resource that should always be used wisely. 



Appendix E: Table E-1 

Geologic and Hydrogeologic Units in Iowa 



AGE 



Quartamary 



Cretaceous 



Jurassic 



Pennsytvanian 



ROCK UNIT 
AHuvium 



DESCRIPTION 



HYDROGEOLOGIC 
UNIT 



Sand* gravel, silt and 
ciay 



Gladal drift 
(undifterentiated) 



I Predominanlty till 
I containing scattered 
I irregular t)odies of san^ 
|andgra(vel 



WATER-BEARING 
CHARACTERISTICS 

Fair to large yields 



Surfldal aquifer 



Low yields 



Buri«dchann,< deposits |Sjnd.flrav1. silt and 



Cailile Formation 
Granerous Foimation 



Shale 



Aquidude 



Smafl to large yields 
j Does not yield water 



Dakota Group 



Sandstone and shale Oakom aquifer 



High to fair yiekJs 



Fort Dodge Beds 

Virgil Series 
Missouri Series 



I Gypsum, shale 
I Shale and limestone 



Does not yield water 



Lew yields only from 
limestone and sandstone 



Des Moines Series 



Misstssippian Osage Series 



Meramec Series 



I Kinderiiook series 



[Limestone, sandy 

lumestoneanddofomite I Mississippian 
cherty I aquifer 

1 Limestone, ooitvc. 
I dotomite. cherty 



Fair to low yields 



Devonian 



I Maple Mill Shale 
I Sheltlekl Fomiation 
Lime Creek Fofmatlon 



Shale; Kmastone in 
lower part 



Devonian aquiclude 



Does not yield water 



Cedar Valley Limestone 
Wapspinicon Formation 



Silurian 



Miagaran Series 
Alexar?drian Series 



Um«stone and dotomtte; 
contains evaporites in 

1 southern half of lows I Silurian«Oevonian 

J aquifer 

I Dokxnite, kx»tty cherty 



I High to fair yieWs 



Ordovtdan 



Cambrian 



Precambrian 



Maquoketa Formation 1 


Shato and dokmite 


M;K|uoketa aquidude 


Does not yield water, exc ept 
k)cafly in northwest Iowa 


Galena Formatwn 1 


Umestonc and dokxnite 1 


Minor aquifer | 


Low yields 


Decorah Fonnatkxi 
1 PtatlffviNe Fonnation 


Limestone and thin 
shales: mckjdes sand- 
stone in SE Iowa | 


Aquidude 


Generally does not yield water; 
fair yields locally in southeast 
Iowa 


1 SL Peter Sandstone 1 


S^tfHtetone 




Fair yiekls 


Pnurie du Chien Fonnatlon 


Dok)mite. sandy and 
chertv 


CambrianOrdovk^an 
aquifer 


High yields 


1 Jordan Sandstone | 


Sandstone 






jst Lawrence Formatk)n 


Odomite 


Aquidude (wedges out 
1 in northwest Ipwa) 


Does not yiekl water 


jpranconia Sandstone 


j Sandstone and shale 


Dresbach aquifer 


High to low yieMs 


1 Dresbach Group 


Sandstone 


1 Sk)ux Quartzite 
1 Undifferentiated 


Quartzite 

1 Coarse sandstones: 
1 crystalline rocKs 


1 Base of groundwater 
I renen/oir 


Not known to yield water except 
1 at Manson cryptovolcanic area 



*Adap(ea fnxn Steinhitber and Horick 
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Appendix G. Glossary 
Acute e«ed - coTKjltlon 1tK3t (xcus 

Adsoib - to stick to the surface of somett#»g. Pof example, some chemicals sticl< to the surface of soil 
particles. 

A^icuHuol drairKig* wel (or ag<lrainaoe wel) - pipes used to drain water from marshes and wet areas 
dtec% irto aqulfeis. usualy oBowIng the kand to be farmed. 

Aqiidude - very dense earth material that stores water, but water does not move through it In significant 
ornouriits; very der^se confining layer. 

Aqiifor -zone of porous earth material that contains and yields enough water for wells. 

Aqukid - dense, compact earth material that Wocic the easy passage of water confining layer. 

AMasi wal - a wel In which water corr >s from a confined aquifer orxl is under pressure due to the 
weight of the water in the confined aquifer. One type of artesian well is a flowing well where water just flows 
a bobbies out of the ground without being pumped. 

DMPi (M Managemort Piacilces) - methods that provide optimum ecorTomic return with minimum 
adverse effect on ttie environment. 

Bond qpplcaHon - putting a pesticide over or next to each row of plants In a field. 

Big Spring Bcsin - a 100 squae-mHe site In northeast Iowa near Encoder that has provided significant 
jjoundwoterreseoch data fbrthe country. Nearly ol of the groundwater ir ♦his area comes out at the Big 
spring at a fish hatchery , alowing the arnourte of cor^aminants to be riT^^ 

B to degwKlctole- able to be broi<en down into simple substarK:es by microorgcn 
Biocxicast cppfcoHon - spreading a pesticide over on entire field or lav/^ 

Ct^OA - Comprehensive Environmental Response. Compensation and Uabillty Act, passed in 1980 by 
Congress to authorize the first five-year program for the Superfund to clean up l-KDzardous waste sites. 

Codnogen - something that causes carx»r. 

CausNc ~ destroys tissue or corrodes metal. 

Omnic tfftct - condition that occurs over a long period of time. Cancer and arthritis ore two examples of 
chfonicdbease. 

Conpo8*ig - process lay v^Tlch bacteria and other organisrns breal< 
Wtchen scraps, iecft/es. laviffi dippings ond manure into mcrterid. to be us^ 

Conln«d oqMtef an aquifer with a confining layer above it. 

CeniNhg loyw - dense, conrpact earth material that biocic the easy passage of water; oquitad. 

Crop i»sidu« - pieces of plants left on the ground after hardest. 

Crop rolaNon - growing different crops In recurring succession on the some tand. 

CiiMd»rocydbig - program where residents separate their gaitxage before colection into at least 
lecyctaiDte and nomecydable material 



d-RDF <dinslltd i«fc»#<»9rtv«el fueO - bumabte part of waste ttiot has been compacted Into three-Inch 
pelets \A«hich can be burted for a soice of energy. 

B»A - Environrrientd FYotectlon Agency . a fWerd agency 

of our country 's air and vk(c*ef. and the cteanup of hcEordous wc^ 

epWerrtdogy - the study of how diseases correlate with exposure to different factors (such as environ- 
mental oontominarAs). 

fffRA - federd Insectk^le. Rjnglckde and l^odenticlde 

Gtadd « Of fikxW *M» - unsorted deposits by a gkxier. rnade of rnoterka^ 
boulders. 

Groundwater -water under the ground that scrturates the earth rric^ 

Groundwater ProtocHon Act - bi passed by the Iowa legislature m 1987 which focused on preventing 
severd types of groundwater corTtarTiir>atloa 

HHM - txxjsehokj hazardous moteriais. 

HciMKloui worte - waste that causes spedd problerTis to people or the envlr^ 
e)(pi06lve. infectious, toxic, or radoocNve. 

Iteitlddt - cherrikxjl used to Wl uTTwarited pkante a type ^ 
Hyitotogic cycte - water cycle. 

VM or »MDP - refers to the Integrated Form Monogerrient Demonstration Project through Iowa State 
Ur*/ei5»y which dernonstrates such thhgs as dtfferent energy and envfc^^ 
nuMenr.pesiicicie and water mcrogement. 

ktcineraHon - the burning of waste. 

Infiltration ~ the flow of water into the soil. 

Irwigcrtc-rnattertt>at is not onrrxi or vegetable. Most irKDrganiccornpounds do not contain carbon arid 
ae from minerd sources. 

hsedfckte - chemicd used to Idi insects; a type of pesticide. 

iNtegoted Ited MoKigtfmnl OPM) - program that emphasizes p^ 
Sornpie s»ratede« indud© timing field v»«»k to disrupt the pests' envirw 
naturd enernles, and using ct^errJcds only when It pays to do so. 

lOort - land ttoctured lrr)estone bedrock where water seepage con ^ 
contarnlnarte qulddy trari the surface to groundw^ 

UiKli (Janiay loKlM) - rriethod of disposing d sdid waste on tend by k 
est pcocticd vdume and covering It with a kayer d eorth. 

liadKit-lciukjVkWSte; can be fbrrried when wderpefcdotes thro tt con contain hazard- 

ous cherrtcobltx* can ooniarnlndegpoijndwater. 

ligant- plant, such as dover.dfdta. or soybeans. Baderka on the roots d legumes can change nitrogen 
h the dr Irito a form v»mi con be used by most pkrts. tf xjs recXidng the nee^ 
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fJMhmno^dbkmiiti (blut baby syndroms) - a disease \A/hich affects infants wTto hove drunl< water wttti 
ot^nltiateccncentratkDa The baby's sWn turns iDluelDecausett^lDlood cannot This 
disease. If UKlognosed. con be fdtd, but Is easiiy con^cted once 

NonpoW 90urc« poluHon - water pollution from many, widespread places that are hard to identify; for 
example, fdrm chemlccis leaching thrcxiQ^ ttie soil a ru 

Nonren«¥i>d3to wouR» - substance such as oB. gas. c^^ 
replaced, at least net In this gedog^ age. 

IWrtents - chemicals that help ptar*s grow, such OS nitrogen and p^^ 

agonic -mcrttef from Iving organisms. Also refers to any chemical containing cartxxi. 

PCBf-polychiorlnatedblphenyls. A class of chemlcais related to DDT; used widely in the plastics and 
electrlcd Industries UTffl they were fbund to be potent environrT)ert 

ppb - parts per b«oa* a comrrxsn unit for measuring chemicals in water. 1 ppb = 1 ug/l (microgram per 
liter). 1000 ppb = 1 ppm. 

ppm - parts per mion; a common unit for measuring chemicals In water. 1 ppm = 1 mg/l (mlligrom per 
liter). 

Pathogenic - disease-causing. 

PefcdaHon - the flow of liquid down through porous material such as soil or roclcs. 
PrnmsabMy - the abity of sediment or iocl< to transmit water or other liquids. 

P^sHddt-cherT^icd used to destroy, control or repel urworted plants or onk^ Pesticides most com- 
rrxx^ include heriDicldes (to Id weeds) and insecticides (to kM insects), as wel as chemicals to control Hingi, 
rodents and algae. 

Photodegradc*>te - capable of being broken down by Ight. 

PoW source poijlicn - water pdlutton from one ploce that is easy to identify; for example, a chemfoai 
spil or a pipe dbcharging C0fTtafT*x3nts irtto a stream. 

Rjioaly - the perceritage of ttTe totd voluTie of a materkal that is open sp^ 

ROZA - Resource Conservotksn Recovery Act; an EPA program to manage hazardous matertals, tracking 
them from "crodte to grave'' (iproducHon to dbposaO. 

RDF 0«<Use-deriv«d fcjieO - VA<aste whteh has had metds and other nonbumable Items removed so the 
remalrtig 'fluff" can t© burned as a souce of energy. 

Recycle - process whore material Is processed to be used again in its original form or in a simitar form. 

Reuse - to extend the life of an item by repairing or modifying it or by creating new uses for It. 

SARA - Superfund Amendments and l^eouthorizatlon Act. a bH passed by Congress in 1 986 to extend the 
Superfund to pay for deanlTjg up hazardous waste sites. 

Salureted zone - area under the ground where ol the spaces are IBIed with water, kno^ 

Sirikhoie - a depresskxi in the landscape vtfhere Smestone has been dissolved, ^ 
directly from the sufdce to groundwater. 
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Slipwfcnd - a targetUxj cf money administered by the EPA to help dean up the nation's woret hazardous 
waste sites. 

Susldnetleaortculiw- (defined l>y the Groundwa^^ the appropriate use of crop and 

l\«stock systems arxl ogrlciJIual irputs supporting 

\tobltyv/hle preserving the high productivity a^ There ore many dWerent definitions 

fbr sustainable ogricultvjre. but rry^t Include the ldfe« reduce the costs of puchosed 

Inputs, mlr^innize ttie irnpact on tt^ erivironrne^ 

Synii5jhm-condttk3nlnvk4Tlchav/holeeff^ Rx example, the com- 

bined effects of several groundv^er cocitomlncnts may be 

SynRieHcOfgonic Compound (SOC)- a type of humon^rvxlechemlcd not naturally found in groundwa- 
ter, indudhg pesticides, so^/ents ar>d by-producfe 

TQE - tiichloroethylerve. a toxic Irxjustrial solvent. 

n - to plow or work ttie land in preparation for rablrtg crops. 

ConservoHon tillage ~ leavir^g protective crop residues or^ the soil surface; reduces soil losses 
from wind and water erosion by 50 percent. 

No-tni - planting a crop without prior seedbed preparation into sod, crop residue, or an exist- 
ing cover crop and eliminating subsequent tillage operations. 

Ridge ffll - farming using a ridge of soil for each row of crops. Allows for reducing pesticide use 
by banding, and other positive effects on the soil, weed control, energy conservation and farm 
labor. 

Toxic - poisonous. 

TrcmspfroHon - loss of moisture from plants into the air. 

Unconlirwd ac|uler - an aquifer v/ittxxjt a conflnirTg layer above it. The top surface of water in an uncorv 
fined aquifer Is ttie water table. 

Unsduded zone - the space above ttie watef table where some of the pore spaces are not filled with 
v^er, (ofeo known as ttie zone of aeration). 

Water table - the top surface of groundwater, lakes and streams. 
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Appendix H. Potential Hcaards of Household Products Classified To Chemical Type 



1 Product Typ« 


IPossibI* Ingredients 


IPottntlal Hazards 1 




H^^^^V^ HOUShHOLD 


PRODUCTS J^^^B^^^^^^^^^^^B 


Asphalt/ 
Roofing Tar 


••Petroleum solvents 


Assockated with skin and lung cancer; irritant to 
skin. eyes. nose, lungs; entry into lung may cause 
fatal pulmonary edema (excess fluid in lung 
tissues). 


Batteries 


Mercuric oxide 

On mercury batteries) 


ir^gestion may oe Tarai. 


bleach 


Sodium hypochtortte 


Corrosive, irritates or burr« skin. eyes, respiratory 
tract; may cause pulmonary edema or vomiting 
and coma if ingested; contact with other chemi- 
cals may cause chlorine or chloramlne fumes, 


Disinfectants 


Sodium hypochtortte 

Phenol 
Ammonia 


Corrosive, irritates or bums skin. eyes, respiratory 
tract; may cause pulmonary edema or vomiting 
arxj coma If ingested. 

Flammable; very toxic; respiratory, circulatory or 
cardiac damage 

Vapor irritating to eyes, respiratory tract and skin; 
possible chronte irritatton. 


Drain Cleaner 


Sodium or potassium hydrox- 
kje 

Hydrochloric acid 
Trichloroethone 


Caustic; irritant; inniDirs reriexes. oums to skim. 
eyes; poisonous if swallowed due to severe tissue 
damage. 

Corrosive, irritant; damage to kidney, liver and 
digestive system 

Irritant to nose and eyes; central nervous system 
depression; liver and kidney damage If ingested. 


Flea Powder 


Corbaryl 

Dichtorophene 

••Chlordone and other 
chlorinated hydrocarbons 


Very toxte; interferes with human nervous system; 
may cause skin, respiratory system, cordlovoscu- 
br system damage. 

Skin irritatton; may damage liver, kidney, spleen 
and central nervous system 
Very slow blodegrodotion; occumulattj in food 
chain; may damage eyes, lungs. Ilvor. kidneys 
and skin. 


Floor 

Cleaner/Wax 


DIethylene Glycol 
••Petroleum Solven.s 
Ammonia 


Toxte; couses central nervous system depression 
and kkjney. IK/er lesions 
Highly fkammobie; associated with skin. eyes, 
nose, throat. Iur>gs 

Vapor irntotlon to eyes, respirarory iracT ana ok" u 
possible chronte irritatton. 


Furniture Polish 


••Petroleum distillates 
or 

Mineral spirits 


Highly ftammoble; moderately toxic; associated 
with lung cancer; irritant to skin. eyes, nose, 
throat, lungs; entry into lungs may cause pulmo- 
nary edema. 


Inks 


••Glycols 


Toxic; poison by skin absorption. Ingestton and 
sometimes Inhokation; eye irritant; stupors; kidney 



damage; anemia. 
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1 Product TvM 


Ipossibte Incrttdkmtt 


i Pottnfkil Hazords 1 


Inks 


"Alcohols 

••Glycol ethers 


Volatile tind flammabld* methanol is vdrv toxic tf 
swallowed: eye. nose ar^l throat irritation. 
Highly flammable. 


Metai Polish 


••Petroleum solvents 
Oxalic acid 


Highly flammable: associated with lung and skin 
cai cer: irrttant to SKin, eyes, nose, inroar, lungs. 
Potential damage to respiratory system, lungs, 
skin, kidneys, skin and eye irritant. 


Mothbolls 


••Chlorinated aromatic 
hydrocarbons (dlchloroben- 
zene) 

Napthalene 


Rammoble: accumulate In the food ctxain: 
vapor irritating to skin. eyes, throat: dlchbroben- 
idoe Is a suspected carcinogen, 
rossibic' cam age to eyes, diooo, iiver, Kianeys. 
skin, central nervous system: suspected carcino- 
gen. 


Nail Polish 


••Aromatic hydrocarbon 
solvents 

Acetone 

Ethyl and butyl acetate 


Rammoble: very toxte: skin contact may cause 
irritation to chemical pneumonitis (lung Inflam- 
matton): may cause kidney, liver, blood, central 
nervous system damage. 
Moderately toxic: flammable: may cause respi- 
ratory ailments. 

Moderately toxic: may cause central nervous 
s^r'Stem depresston, damage to eyes, skin, respira- 
tory system. 


Oven Cleaner 


Sodium or potassium hydrox- 
ide (lye) 


Caustk:: Irritant, inhibits reflexes, bums to skin, 
eyeii: poisonous if swaltowed due to severe tissue 
damage. 


Paint Thinner 


••Chlorinated aliphatic hydro- 
carbons 
••Esters 

••Alcohols 

"Chlorinated aromatic 
hydrocarbons 


Slow decompositton: liver arid kidney damage. 

Toxicity varies with specifte chemical: causes 

eye, nose and throat irritation. 

Vdotlie and flammable: eye, nose and throat 

Rammoble: toxic; accumulate in food chain. 




••Ketones 


Rammoble: toxk:lty varies with specifte chemteol: 
moy couse respiratory ailments. 


Paints 


••Aromatic hydrocarbon 
thinners 


Rommoble: skin Irritont: benzene is a carcino- 
gen: possible liver and kidney damage. 




Mineral spirits 


HIgNy flammable: skin, eye, nose, throat, lung 
Irritan"^: very high air concentrations may cause 
unconsckjusness, death. 


Sentic Tank 

Cleaners 


Trichloroethvlen© 

1 1 11^^ 1 >i^Xr Illy l%^l 1 Vi^ 

Methylene chtoride 


Slow decomposition: known animal carcinogen; 

kidney, liver and spleen damage. 

Stew decompositkKX liver and kidney damage. 


Silver Cleaner 
and Polish 


Denatured ethariol or iso- 
propanol 


Moderately toxte; central nen/ous system depres- 
sant. 
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I Product Typ» iPossibtolngtadlentr 



iPottnMaiHmofdt 



Silver Cleaner 
ar^d Polish 

Spot 

Removers 



Phosphoric acid 



Corrosl'/e; Irrttont; possible damage to kidney, 
liver and digestive system. 



Perchlorethylene or trlchlo- 
roethane 

Ammonium hydroxide 



Sodium hypochlorite 



Toilet Bov/I Sodium acid sulfate or ox- 
Cleaners alote or hypochlorlc acid 

Chlorinated phenols 



Slow decomposition; liver and l<ldney damage; 
perchlorethylene is a suspected carcinogen. 

Corrosive; vapor extremely irritable to skin, eyes 
and respiratory passages; Ingestion causes tissue 
bums. 

Corrosive; irritates skin. eyes, respiratory tract; 
may couse pulmonary edema and skin bums. 

Corrosive; bums from skin contact or Inhalation; 
Ingestion may be fatal. 

Rammable; very toxic; respiratory, circulatory or 
cardtac damage. 



Water Proofers 



"Chbrinated Aliphatic sol- 
vents 

••Aliphatic arid aromatic 
hydrocartxxi solvents 



Slov/ decomposltton; liver and kidney domoge. 

Rammable; Irritant; central nervous system 
depression; possible liver. kWr-ey. spleen dam- 
age. 



Window 
Cleaners 



DIethylene glycol 
Ammonk3 



Toxte; causes central nen/ous system depression 
arxl degenerative lesions In liver and kidneys. 
Vapor Irritating to eyes, respiratory tract and skin; 
possible chronk: Irrttatton. 



Wood 

Preservatives 



••Chlorinated aromatic 
hydrocart>or»s 
Mineral spirts 

Pentachkjrophenol 



Rammable; toxic; accumulate in food chain. 

Pentachkxophenoi may be very toxto by Inges- 
tion or skin absorption. 

Irritotes skin. eyes, throat; absort)ed through skin; 
damages liver, kidneys, and nervous system. 



Wood Putty 



Ketones 
Toluene 



Rammable; may cause respiratory ailments 
Flammable; very toxte; may cause skin, kidney, 
liver, central nen/ous system damage; suspected 
carcinogen. 



Wood Stains/ 
Vamlsh 



Mineral spirits, gasoline 

Methyl ond ethyl alcohol 

Benzene 

Lead 



Highly fkammuble; ossockated with skin and lung 
cancen irritant to skin. eyes. nose, throat, lungs; 
entry Into lungs may cc ise fatal pulmonar/ 
edema. 

Rammable; damage to eyes. skin, central 
nervous system. 

Rammable; carcinogen; accumulates In fat. 
bone marrow. Iver tissues. 
Damage to digestive, genltourirxiry. neuromus- 
cukar arKl central nervous system; anemka and 
brain damage. 



Wood Strippers 



Chlorinated allphatte hydro- SkDw decompositkjn; Iver and kidney damage, 
cartxjns (methylene chloride) Rammable; skin irritatloa' narcotte properties; 
Toluene tiay damage 8ver. kWneys. central nervous 

system. 
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I Product Typ» |Po<stt>kilngredi#nir 



IPotenHdHoSS" 



Wood Strippers Bervene 



Rcmmable; carcinogen; occumulotos in feat, 
bone morrow, liver tissue. 



AUTOMOTIVE PRODUCTS 



Antifreeze 



Ethiylene glycol 
Methiyl olco^iol 



Very toxic. 3 ounces con be fatal to adult; 
damage to cardiovascular system; blood, skin 
and kidneys. 

Damage to eyes, central nervous system. 
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Auto Batteries 


Sulfuric acid 


Skin burrts; single overexposure may leod to 
kjryngeoi or pulmonary edema (excess flukd In 
ksrynx or lung tissue). 


CorWox/Pollsti Petroleum distillates 


Assockated with skin and lung cancer; Irritant to 
skin. eyes, nose, lungs; entry Into lungs may 
cause fatal pulmonary edema. 


Degreasers 


Chlorinated aiiphiotic hiydro- 
corbons 


Slow decomposition; trichioroethylene and 
perchtorethylene ore suspected carcinogens; 
liver and kidney damage. 


Engine, 

Radiator 

Rust)/Cleaner 


Chilorinated aiiphiotic hiydro- 
cortx^ns 

Acids 


Stow decompositton; liver and kidney damage. 

Corrosive; irritant, damage to kidney, liver and 
digestive system; pulmonary edema. 


Motor Oil/ 
Gasoline 


Petroleum tiydrocortDons 
(benzene) 


Highly fksmmobie; assocksted with skin and lung 
cancer: irritant to skin, eyes, nose, throat, lungs; 
pulmonary edema; benzene is a carcinogen. 




Lead 


Damage to digestive; genitourinary, neuromus- 
cutar and central nervous system; anemia and 
brain damage. 


Rust 

Preventers/ 
Removers 


Chilorinated aliphatic hydro- 
cartx>ns 


Stow decomfX)sitton; trichtoroethylene and 
perchtorethylene ore suspocted carcinogens; 
liver and kidney damage. 




Potosslum dfchromate 


Very toxic; highly corrosive to skin and nervous 
membranes; if Ingested may cause coma, liver 
damage. 


Herbk^ldes 
2AD;24.5-T; 
24-5-TP 
(Siivex)* 
MCPA. MCPB 


€ 

Chkxinoted Phenoxys 


May be contaminated with dioxin. which is 
deadly and mutagenic; Irritation to sk!n, eyes, 
throot. 


Herbteides 
(Paraquat*. . 
Diquot) 


Dipyridyl 


Toxk*. causes skin, eyes and throat Irritations; 
causes lung, kidney and liver damage, death. 
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I Product ;Vp# I PoMibte Ingredients 



I Potentlai Hcceords 



• 



HertDlcid^s 

(Dlnttrophenol, 

Dinltroortho- 

cresal, 

Binopacryl) 



Nitrophenols 



Highly toxic; readily absorbed via skir^, stains si<in 
yeilow; interferes with oxygen transfer in cells; 
damages liver, kidney, nervous system. 
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Pesttekjes 

(AkJtearb*, 

Oxamyl, 

Carbofuran, 

Methyomyl, 

Sectran, 

Propoxur. 

Carbaryl 

Sevin) 



Carbamates 



Interfere wltt^ human nervous system. 



Pestteldes •'Chlorinated hydrocarbons 

(Endrln*,Aldrln. 

Diekjrin*. 

Toxapherre*, 

Undone, 

Benzene 

Hexachk)rjde*, 

Dor. 

HeptachlorV 
Chlordane*. 
MIrex', 

Methoxychkjr) 



Very slow biodegrodotk^n; accumulation in food 
chain and in fatty tissue; attack nervous system; 
suspected carcinogens and mutagens. 



Pesttekjes 

(Ptx)rate, 

MevlnptTOsV 

Demeton*. 

Disulfoton. 

Parathion, 

Dlozinon. 

Trichk5rfon. 

Ronnel. 

Axinphos- 

methyO 



Organophosphorus 



Poison by Interfering with the nervous system; 
con be toxte; bkxiegradabie. but not much is 
known about the breakdown products. 



Pestk;kjes 

(Monvran, 

Dh/ron.Unvron. 

Bromacil. 

Terbacil. 

Altrozine. 

Ametryn) 



Urea, Uracil. Trlozlne-bosed Low toxicity, but will irritate skin, eyes, throat. 



Rodentlckjes Coumarin 

(Warfarin, 

Coumafuryl, 

DIphaclnone, 

PlnckDne. 

Vak>ne) 

• These pesticides ore banned or restricted 
orKl should not be used by households. 



Antk:oagulents may cause internal bleeding. 



2'}.> 

••Speclfk: compounds of this chemical type are found 
on "Partial List of Compounds of Chemical Classes." 



REFERENCES 

1. NIOSH/QSHA Pocket Guide to ChemiCQl Hazards. Frank MackiSOr^. 
Scott Scricoff. Lawrence Patridge. Editors. September. 1978. 

2. Cllntaal Toxteology of CommefolQl Products. Marlon Gleason. et al.. 1969. 

3. Toxtaants In Consumer Product.s . Susan RIdgley, Seattle. WA. Household Hazardous Waste Dis- 
posal Project. 1962. 

4. A Guide to the Safe Use and Disposal of Hazardous Products . Metropolitan Area Planning 
CouncH. 1982. 

1. The potential health hazards listed In this table are symptoms of acute poisoning and may be 
experienced cs a result of high exposure or direct Ingestton. 

2. This table has been reviewed for accuracy by the Department of Environmental Quality Engi- 
neering. Division of Hazardous Waste and the University of Massachusetts. Department of Health 
and Safety. 

This table was taken primarily from Dyckmon. C Luboff. C. and Smith- Greathouse. L.. "Household 
Hazadous Waste Disposal Project" Report ID. Sleuth. Metro Toxicant Program. Seattle. WA. August 
1982. 

PARTIAL LIST OF COMPOUNDS OF CHEMICAL CLASSES 
Alcohote-methand (wood alcohoD. ethonol (grain and rubbing). Isopropyl (rubbing alcohol), 
butonol. amyl ateohoi 

Aldehydes-formaldehyde, other aldehydes 

Anphaflc hydrocarbons-butane, pentone. hexane. heptane 

AMccrtles-ammonka. lime (calcium oxkje). potassium hydroxide, sodium hydroxide, sodium sllk:ate 

Aromatic hydrocarbons-benzene, toluene (toluoD. xylene (xyloD; aromatic solvent naphtha; 
styrene. phenol (corbolk: acid) 

ChkMinolvd aliphatic hydrocarbon$-(halogenat3d hydrocarbons, chtorinated paraffirs) carbon 
tetrachloride, chloroform trk:hloroethylene aCE). trifluoroethane. perchloroethylene. trlchto- 
roethane (methyl chloroform), methylene chtoride (dlchloromethone). dichloropropane 

Chlorinated aromatic hydrocarbons-chlorobenzene. dichtorobenzene. pdychlorlnated biphenyis 
(PCBs). chtorlnated naphtholenos, chkJrinated pesticides (DDT. kepone. etc.) 

CWoroflucrocarbons-fluorocarbons. fluorinated hydrocarbons, hotogenoted hydrocarbons 

Esters-methyl acetale. ethyl acetate, butyl acetate 

Ethers-ethyl ether, isopropyl ether, glycol ether 

Glycols-methyl cellosolv©. ethylene glycol, diethyiene glycol, carbitoi 

Kotones-Acetone. methylethyl ketone, hexane. MIBK. MBK 

Petroleum distlllafes-petroieum ethen gasoline (petroD. white spirits, mineral spirits (Stoddard 
solvent), kerosene, fuel oil. iubicoting oils, petroleum naphtha, lamp oil 

Adapted from Household Hoynrdous Produc:ts Handbook . Federation of Ontario Naturalists, 
i H-6 21 -t ■ 



Appendix Ic Contacts for Information on Iowa's Groundwater Issues 



Tblstol^rKjmbercanbeusedfbfquesHonsrelatedto^^ Someone from the 

Department of Natural Resources office in Des Moines na^B take your cdl and i-eferyou to ttie appropriate 
people to ansvwer you questions. TetepTxx^ numbers Ofe provided below to offlkziesttxatco^ 
v/lth trie tol-free number. 

Abb(e^M)ns: 

CHEEC Center for Health Efft rt-. of Environmental Contaminants 
DAIS Department of Agriculture & Land Stev^/ardshlp 
DNR Department of Natural Resources 
ISU \ov/a State University 



Abandoned v/aste sites 



Abcndonedwefc 
AQKjrdnagewel registration 
Ag-iralnage wels arxj sinkholes 
Acjulfeis 
Ctiemical spills 

Educattofvai rrxjteriab on groundwater 

Fertilizer 

Geology of towa 

Groundwater nevvsletter 

Gfoufxjwater Rutectton Act 
general questkxis 

Housetx}id txzordous wastes 

Health Issues 

Wegrated Fdnnn N/lcnagement Program 
Lorckjppled wastes 



Landfil ottematives 
(reduction, recycing, reuse, 
composting, & indnercitton) 



Who to Contact 

DNR Sold Waste/Abandoned Uncontrolled Sites 
Section 

DNR Water Supply Sectton 

DNR Flood Plain Permits Section 

DAI.S Soil Conservation Division (5 1 5) 28 1 -6 1 46 

DNR Geological Survey Bureau (3 19) 335- 1575 

DNR Fletei Evaluatton & Emergency Response Bureau 
(Emergencies only: (616)281-8694) 
(answered 24 hours) 

DNR mtormatlon & Education Bureau 

DALS Laboratory Division (5 1 5) 28 1 -8596 

DNR Geological Survey Bureau (319) 335-1675 

DNR Information U Education Bureau 

DNR Planning Bureau 

DNR Waste Management Authority Division 

Department of Public Health (515) 281-5757 a 
CHEEC (319) 336-7497 

DALS Soil Consen/otton DMslon or 

ISU Extension Sen/ice (515) 294-1923 or ISU Ag. 

Experimental Station (515) 294-4025 

DNR Sold Waste/Abandoned Unca oiled Sites 
Section 

DNR Waste Management Authori.y 



o 4 ^ Division 
1-1 



Londfa regulations 

Pesticides 

Red estate transfer 

Recycing & \AOte oltemotives 

Toxb Cleanup Days 

Underground storage tanks 

Water drinking water supply^ 
quQtty&quarrtity 

Water quoHy monltorirxi of surface 
ftgoiridMater 

Water IreatTDent 

Waste^water(sev/ag©) treatment 

Welconstiuctton 



DNR Air Qualiiy &So«d Waste Protectton Bureau 

DAL8 Laboratory Dlvlslon(515)281-6597 

DNR Legal Services Bureau 

DNR Waste Management Authority Division 

DNR Waste Management Auttiortty Division 

DNR Underground Storage Tank Section 

DNR Geobgkxil Survey Bureau 

(319) 335-1575 or 

DNR Water Supply Sectkxi 

DNR Water Quality Planning Section 
DNR Water Supply Sectbn 

DNR Wastewater Permits/Construction Grants Section 
DNR Water Supply Section 



The f dk^wing briefly outlines the role of state ogenc ies that ded with groundwater protectkxi issues. 

DepofiTneR! of Natural Resources (DNR) 
Wdkice State Office Buldng 
Des Moines. lA 50319 
(515)281-6145 

The DNR bthe leod agency fbr implementing Iowa's 1987 Groundwater Protection Act. Several branches of 
the DNR ded with grouridwater protectkxi issues. 

With the reorgGnbatkxi of stde government in 1986. the bwa Department of Naturd Resources came into 
being with the merging of the Conservation Com rr^slon . the De^ 

ment.the towa Gedogicd Survey, and the energy resouces programs of the Energy Pdtey Councl. The 
mdn offk» fbr each branch d the DNR (shown on the folc^A^ chart) Is in Des 
Gedogkxi Survey Bureau whk;h is in Iowa City. 

Gedogkxjl Suvey Bureau 
123 rCapitd Street 
Iowa City. lA 52242 
(319)335-1575. 



Department of Agriculture and Land Stewardship (DALS) 
Waik3ce State Office Bulding 
Des Moines, lA 50319 
(515)281-5321 



The Department d Agriculture and Land Stewardship consists of six dMsk^ns: Administrative, Agrk:utturai 
Moketing. Regulatory. Agricultural Devekjpment, Laboratory, and SoU Conservation. 
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Admlnltlrativt Strvlott 
DIvltlon 



X 



Admlnlttmtiv* Suppoft 
Burtau 



BudgttiGrantiBurMU 



Flnanct Buroau 



Wit M Mnao^mtnt Autiorlty 



Air Quality ASoM Waste 
Protection BiKMU 



AlrOuiDity Secion 



SoNd Watle/Abandoned 
UnoontroNed Sites Secion 



Underground Storage 
Tank Secdon 



ERLC 



Construction Seivloes 
Bureiiu 



Data Piocewing Bureau 



Coordlna^ A Infomuitlon 
Division 



1 



Legal Services Bureau 



1^ Acquisition A 
Management Bueau 



Licensing Bureau 



Intormaion A Education 
Bureau 



Environmental Proteclon 
Division 



Energy A Geological 
Resources Division 



Fish A WlldNfe Division 



Geological Survey 
Bureau (kiwa City) 



Energy Bureau 



Forests A Forestry Division 



Fisheries Bureau 



Law Enforcement 
Bureau 



Forestry Services 
Bureau 



State Forests 
Management Bureau 



Field EvaKiatfon A Emergency 
Response Bureau 



Surface A Groundwater 
Protection Bureau 



WlidHfe Bureau 



Emergency Response 
Section 



1 



Field Offices 
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Flood Plain Permits 
Section 



Wastewater Permits/ 
Construction Section 



Water Quality 
Planning Section 



1 — Waler Supply Section 



Ptaming Bureau 



1 



Parks. Recreation A 
Preserves Division 



Parks A Reai^etSon 
Bureau 



Pres<Hves A Ecologkal 
Services Bureau 
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The Laboratory DMskw regulates fertiiizers and pesticides. It assumed ttie following responslbBltles 

underttTe 1987 Groundwater Protection Act: 1) tt« training and testing of pestiddeappllcatois; 2) ttie 

Icerelng of urban pestldde dedeis; 3) ttie notlfcatlon of adj^^ 

lion In urtDon areas; 4) ttie estabastvnent of a statewide database on pes^ 

tatlon of on agfteulturd Inlticfth/© h best manager^ 

TlTe Soa Cor^ervaflon Division works to preserve Iowa's soli, water and mineral resources, including 
progrcTTS to reduce a eimhate groundwater contarrilnationa^ It also 

o/eisees educcto orvd dernonstnotlon pipjeds to e»^^ 
sinktK>les. 

Department of PubHc Healtti (DPH) 
Division of Disease Prevention 
Iajcos State Office Bulding 
Des Moines, lA 50319 
(515)281-5757 

Doctois and poison control centers must report cases of pesticide polsonlr»g, bkje b^^ 
poisoning), and posdbly cWier poisonings or ir^urfes wtiicti may or rrx^ 

contamination to DPH. This agency Is also in chage of the Lead in School Drinking Water Program, and will 
pfovidetechnlcdasslstancetoschoolstocle^efminetheleadcontentlntheir /ater, and provide 

advice on how to reduce lead levels. 

Ihe following ttiree centers were creoted by the 1 987 Groundwater Protectbn Act. 

Leopold Center for Sustainable Agriculture 

3a03Agronomy 
Iowa State University 
Ames.lA 50011 
(515)294-4270 

TWs research and educatkxi program opercjtes a competitive gnartte 

tural systems ttxat combine responsble stewardship of natural resources with form profitability. 

Center for Health Effects of Environmental Contamination (CHEEC) 

5118Westk3wn 

University of k}v^ 

k>waClty,IA 52242 

(319)335-7497 

This center does a variety of research on exposure to onvkonmentd contaminants and assessing ttie risk to 
humanheolttx 1^ example, tt>ey may moke use of data from ejdsting cancer and bt^ 
dav€jQp slmiar recorcftTg systerns tbr other diseases which ore suspected to 
envfeonmentd toxins. 

kma Waste Reduction Center (IWRC) 

University ofjvkxttiem Iowa 
75 Bk5logy Research Complex 
Cedar Falls, lA 50614 
(319)273-2079 

Rxmeriy the SmaH Business Assistance Center, it helps Iowa businesses devekDp safe and economic 
rnarK3gerr)efTt proctfces for sold waste ard hazardous substances. 

2},. 
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Appendix J. Publications on Groundwater Issues from \he Iowa Department of 
Natural Resources Geological Survey Bureau 

The following publications can be ordered from the Geological Survey Bureau, 123 North Capitol Street, Iowa 
City, Iowa 52242; phone (319) 335-1575. Please include a check or money order payable to Iowa Depart- 
ment of Natural Resources. 

Ordering ^9^^^?^ 
fifidfl Eubikalion ^ HandHufl 

WATER ATLASES 

WA-1 The water story in centrallowa, F.R. Twenter, $2.00 $95 

R.W. Coble, 1965, 89 p. 

WA-2 Availability of groundwater in Decatur County, $1-35 $.70 

Iowa, J.W. Cagle, W.L. Steinhilber, 1967, 28 p. 

WA-3 Availability of groundwater in Wayne County, Out-of-print 
Iowa, J.W. Cagle. 1969, 33 p. 

WA-4 Waterresourcesof southeast Iowa, R.W. Coble, $1.70 $ 95 
J.V.Roberts, 1971, 101 p. 

WA-5 Water resources of south-central Iowa, J.W. $2.25 $.95 
Cagle. A.J. Heinitz, 1978, 97 p. 

WA-6 Water resources of east-central Iowa, K.D. Wahl, $3.50 $ .95 

GA Ludvigson. G.L Ryan, W.C. Steinkampf, 
1978.91 p. 

WA-7 Water resources of rwrth-central Iowa, R. $4.00 $ 95 

Buchmiller. G. Gailtot, P.J. Soenksen, 1985, 
93 p. 

OPEN-FILE COUNTY GROUNDWATER RESOURCES REPORTS 

GWR-4 Groundwater resources of Appanoose County, D.L $1.00 $.50 

Gordon. 1980. 26 p. 

GWR-8 Groundwater resources of Boone County, C.A. $100 $.50 

Thompson. 1982, 28 p. 

GWR-25 Groundwater resources of Dallas County, 23 p. $1.00 $.50 

GWR-26 Groundwater resources of Davis County, P.M. $1.00 $.50 
Witinok,1980,27p. 

GWR-29 Groundwater resources of Des Moines County, D.L. $1.00 $.50 
Gordon, 1980, 27 p. 

GWR-38 Groundwater resources of Grundy County, C. A. $100 $.50 
Thompson. 1988, 35 p. 
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GWR-40 Groundwater resources of Hamilton County, C.A. 
Thompson. 1986, 32 p. 

GWR-42 Groundwater resources of Hardin County, C.A. 
Thompson, 1988, 37 p. 

GWR-44 Groundwater resources of Henry County , P.M . 
Witinok,1980,27p. 

GV.'R-48 Groundwater resources of Iowa County 

GWR-51 Groundwater resources of Jefferson County, 
1979,27 p. 

GWR-54 Groundwater resources of Keokult County, P.M. 
Witinok,1979,27p. 

GWR-56 Groundwater resources of Lee County, D.L 
Gordon, 1980, 27 p. 

GWR-58 Groundwater resources of Louisa County, D.L. 
Gordon, 1980, 27 p. 

GWR-59 Groundwater resources of Lucas County, D.L. 
Gordon, 1980, 26 p. 

GWR-61 Groundwater resources of Madison County, J.C. 
Prior, 1988, 26 p. 

GWR-62 Groundwater resources of Mahaslta County, D.L. 
Gordon, 1980, 27 p. 

GWR-63 Groundwater resources of Marion County, D.L. 
Gordon, 1980, 26 p. 

GWR-68 Groundwater resources of Monroe County, P.M. 
Witinok,1980,26p. 

GWR-77 Groundwater resources of Polk County, C.A. 
Thompson, 1982, 28 p. 

GWR-85 Groundwater resources of Story County, C.A. 
Thompson, 1982, 28 p. 

GWR-d9 Groundwater resources of Van Buren County, D.L. 
Gordon, 1980, 27 p. 

GWR-90 Groundwater resources of Wapello County, P.M. 
Witinok,1979,27p. 

C -91 Groundwater resources of Warren County, J.C. 
Prior, 1988, 26 p. 
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GWR-92 Groundwater resources of Washington County, P.M. $1.00 $ -50 

Witinok.1980,27p. 

MISCELLANEOUS MAP SERIES 

MMS-3 Mississippianaquiferof Iowa, 3 color sheets $100 $.85 

with text, P.J. Horick, W.L. Steinhilber. 1973. 

MMS-6 Jordan aquifer of Iowa, 3 color sheets with text, $2.00 $.85 
P.J. Horick, 1978. 

MMS-9 Estimated water use in Iowa, 1 color sheet with $2.50 $ .50 

text, R.C. Buckmiller, R.A. Karsten, 1983. 

MMS-10 Silurian-Devonianaquiferof Iowa, 4 color sheets $5.00 $1.25 

with text, P. J. Horick, 1984. 

OPEN-FILE REPORTS 

OFR83-1 Additional regional groundwater quality data $1-00 $.55 

from the karst-cartxsnate aquifers of northeast 
Iowa, G.R. Haliberg, B.E. Hoyer, R.D. Libra, 
E.A. Bettis III. G.G. Ressmeyer, 1983, 16 p. 

OFR83-3 Hydrogeotogy, water quality, and land management $5.00 $1.25 

in the Big Spring Basin, Clayton Co. lA, G.R. 
Halberg, G.E. Hoyer, E.A. Bettis III, R.O. Libra, 
1983, 255 p. 

OFR84-1 Temporal changes in nitrates in groundwater in $1.00 $.55 

northeastern towa, G.R. Haliberg, R.D. Libra, 
G.G. Ressmeyer, E.A. Bettis III, B.E. Hoyer, 1984, 
10 p. 

0FR84.2 Parti 

Groundwater quality and hydrogeotogy of $3.00 $. 95 

Devotiian-carbonate aquifers in Floyd and 
Mitchell Counties, Iowa, R.D. Libra, G.R. 
Halberg, G.G. Ressmeyer, B.E. Hoyer, '984, 
p. M06. 

0FR84-4 Hydrogeotogic and water quality investigattons $8.00 $1.50 

in the Big Spring Basin, Clayton Co., I A, 1983 
water-year, G.R. Haliberg, R.D. Libra, E.A. 
Bettis III, B.E. Hoyer, 1984, 231 p. 

OFR84-5 Hydrogeotogy and water quality of the upper $6.00 $1.50 

Des Moines River alluvial aquifer, C.A. 
Thompson, 1984, 170 p. 
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OFR85-1 Estimates of rural wells in Iowa, G.R. Hallberg, $1.00 $.50 

B. E. Hoyer, M. Dorpinghaus, G.A. Ludvigson, 1985. 
18 p. 

OFR 85-2 Part 1 

Hydrogeoiogic observations .from multiple core $1 .00 $.50 

holes and piezometers in the Devonian-cartMnate 
aquifers in Floyd and Mitchell Counties, lA, R.D. Libra, 
Q.R. Hallberg. 1985, p. 1-19. 

OFR 86-3 Water resources of the Ocheyedan-Little Sioux $6.00 $1.50 

alluvial aquifer. (The geology, hydrology, and 
water-producing potential of this aquifer were 
evaluated from the Minnesota border to the Woodbury- 
Monona County Rne. Seismic refraction surveys 
were used to define aquifer geometry. Nitrate, 
bacteria, and limited pesticide a>sampling was done 
on weHs and surface waters.) C.A. Thompson, 
1986. 90 p. 

OFR 86-4 Water resources of the Ocheyedan-Little Sioux $5.00 $1.50 

aquifer. C.A. Thompson. 1986, 1 15 p. 

OFR 87-1 Water resources of the Rock River alluvial $7.00 $1.50 

aquifer. (The geology, hydrology, and water- 
producing potential of this aquifer were evaluated 
from the Mirtnesota border to the confluence with 
the Big Sioux River. Seismic refraction sun/eys 
were used to help define aquifer geonratry. Nitrate, 
bacteria, and limited pesticide sampling was done 
on wells and surface waters.) C.A. Thompson, 1987, 
109 p. 

OFR 87-3 An oven/iew of groundwater quality in the Skunl^ 
River basin, D.R. Bmner, G.R. Hallberg, 1987, 
36 p. Limited copies. Available without charge. 

OFR 88-1 Water quality monitoring of the Nishnabotna River $3.00 $1.00 

alluvial system. (An evaluation of water quality data 
with partk:ular reference to nitrate and pestickles.) 

C. A. Thompson. P.E. Van Dorpe. 1988, 60 p. 



WATER-SUPPLY BULLETINS 

WSB-4 Geoksgy and grourxhvater resources of Webster $3.00 $.95 

County, Iowa, W.E. Hale. 1955, 257 p. 

WSB-7 Geok}gy and groundwater resources of Clayton $2.75 $ .95 
County, Iowa, W.L Steinhiiber. O.J. Van Eck, 
A.J. Feulner,1961.142p. 

WSB-9 Geokjgy and groundwater resources of Ceno Gordo $1.10 $.70 
County, towa, H.G. Hershey, D.D. Wahl, W.L , ^ 
Q Steinhiber. 1970, 75 p. ) i> 
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Ordering 
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WSB-10 
WSB-12 

WSB-13 



Publication 

Geology and groundwater resources of Linn County, 
Iowa, R.E. Hansen. 1970, 66p. 

Hydrology of the surfidal aqi'ifer in the Floyd 
River Basin, Iowa, K.D. Wah , M.J. Meyer, R.A. 
Karsten,1982,53p. 

Hydrogeology and stratigraphy of the Dakota 
Formation in northwest Iowa, J.A. Munter, G.A. 
Ludvigson, B.J. Bunker, 1983, 55 p. 



Price 
$1.50 

$3.00 
$3.00 



Postage/ 
Handling 

$. 70 
$.95 

$.95 
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WATER-RELATED PUBLICATIONS & AUDIO VISUAL MATERIALS 

IOWA STATE UNIVERSITY 
COOPERATIVE EXTENSION SERVICE 

Unless noted otherwise, the following publications can be ordered from 
Publications Distribution, Printing and Publications Building, Iowa State 
University, Ames, lA 50011. Price per copy is Indicated in parenthesis. (F) 
indicates that sing le copies are free. 



WATER SUPPLY 

Good Wells for Safe Water 

Pm-840, (Rev.) June 1988, 4 pages. (F) (25C) 

<^hnr.Tc-Chlorlnating Small Wa ter Systems 

Pm-899, (Rev.) June 1988, 4 pages. (F) (25C) 

plugging Abandoned Wells 

Pm-1328, (Rev.) February 1989, 4 pages. (F) (25C) 

Cnolng wi th Contaminated Wells 

Pm--1329, (Repr.) April 1989, 6 pages. (F) (25C) 

Abandoned Wells : One p Thi-Aat; to Your Health and Safety 
Pm-1334h, February 1989, 2 pages. (F) (IOC) 

Is Your Prtnletny Water Safe 

Pm-13341, (Rev.) March 1989, 2 pages. (F) (IOC) 

Sampling Y our Drinking Water 

Pm-1335, November 1988, 3 pages. (F) (25C) 

Your groundwater. . .it's valuable. . .and vulnerable!. 
AE-3043, August 1986, 4 pages. (F) (25C) 



WATgR QUALITY - GENERAL 

Agricultural Drainage Wells in Iowa 

Pm-1201, April 1985, 6 pages. (50C) 

Groundwater Contamin ation in Northeastern Iowa 
Pm-1202, April 1985, 8 pages. (50C) 




Pmpared by Tom GtcnvOWi, Extension AgricuHufal Engineer, 200 Davidson Hafl, 
Iowa State Univmsity, Ames, lA 50011 
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AGRICULTURE - PESTICIDE & NUTRIENT MANAGEMENT 



Broadcast Spraver Calibration 
Pm-817, 1 page. (50C) 

Iowa Agric ulture and Water Oualitv-Sotl Information Related to NonpoinC 
Pollution 

Pitt-901c, (Rev.) May 1986, 6 pages. (50C) 

Iowa Agriculture and Water Oualltv-Agrlcultural Land Use in lova 
Pni-901d, (Rev.) May 1985, 6 pages. (50C) 

Iowa Agriculture and Water Oualltv-Plant Nutrients as Potential Pollutant s 
Pm-901g, (Rev.) Oct. 1985, 6 pages. (50C) 

Crop Rotations --Effect on Yields and Response to Nitrogen 
Pm-905, (F) (25C) 

Animal Manure: A Source of Crop Nutrients 

Pm-1164, (Rev.) August 1985, 4 pages. (F) (25C) 

Establishing Realistic Yield Goals 
Fm-1268, 8 pages. (50C) 

Fertilizer Facts - A Nitrogen Soils Test 

Pm-1274g, March 1988, 2 pages. (F) (IOC) 

Interpretation of Soil Test Results 
Pm-1310, 16 pages. (25C) 

Nitrogen Fertilizer and Groundwater Concerns 

Piii-1315, February 1988, 2 pages. (F) (IOC) 

Use Pesticides Safelv 

Pm-1334e, 2 pages. (F) (IOC) 

Careful Pesticide Storage: Essential to Your Safety 
Pin-1334j, 2 pages. (F) (10C-) 

Private Pesticide Applicator Study Guide 

No publication number, 116 pages. ($5.00) 

Integrated Pest Management Decision Guide 
IPM-22. 275 pages. ($10.00) 
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WATER-RELATgD DEMONSTRATIONS 

Integrated Farm Manag fT!i<fT?<- Pemonstratlon Program: 1987 SummarY Repoyt 
Pm-1305, December 1987, 57 pages. ($1.00) 

Integrated Farm Management Demonstratio n Program; 1988 Progress Report 
Fm-1345, December 1988, 96 pages. ($1.50) 

Bt<y Soring Basin Dem onstration Project 

Ext-15, August 1988, (F) Order from Jim Hosch, Clayton County Extei 
Office, 133 S. Main, Ellcader, lA 52043 

Aff Nutrient Managem ent Demonstration Programs 

Ext-16, September 1988, (F) Order from Agronomy Extension Office, 
2104D Agronomy Hall, Iowa State University, Ames, lA 50011 

Integrated Farm Management Demonstration Program - 
Butler Cgu ntv Prolect 

IFM-1, March 1989, (F) Order from Information Service, 103 Morrill 

Hall^ Iowa State University, Ames, lA 50011 

Integrated Farm Management pfln|r>T^«tfratlQn Program - 
Upper Blue grass Watershed Project 

IFH-2, July 1989, (F) Order from Information Service, 103 Morrill 

Hall, Iowa State University, Ames, lA 50011 

]j:nfcegrated Far m Management Demonstration 
No numbe.<:, (F) 

HOUSEHOLD WASTE MANAGEMENT 

Home Sewage Treatment: Conve nt^^onal Methods and Equipment 
Pm-938, (Repr.) November 1982, 8 paj.es. (50C) 

Qn.Slta Wastewater Treatmen t y^in^ Mound-Tvne System 
Pm-986, February 1981, 6 pages. (F) (25C) 

Wastewater Management Dlstric t;.f in Towa - A new approach to a costly. 
difficult problem in rural communities 
Pm-1028, 7 pages (F) (25C) 

Groundwatar Quality - Household Hazardous Wastes: 
Jaaues. Concerns . Some Answers 

Pm-1330, June 1988, 6 pages (F) (25i;) 

Household Hazardous Wastes an d Our Water Supply 
Pm-1334f, 2 pages (F) (IOC) 

Toxic Was te Clean-up Days 

Pm-1364, 39 pages. (50C) 
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NEWSLETTERS 

pig Spgfn^ Basin \ ater Watch 

Published every other month. (F) Order from Jim Hosch, Clayton 
County Extension Office, 133 S. Main, Elkader, lA 52043 

Top of the Blueyrasa Newsletter 

Quarterly Newsletter of the Upper Blaegrass Project, Audubon County. (F) 
Order from Paul Walther, Audubon County Extension Office, 602 Market St. 
Audubon, lA 50025 

IFM Notes 

Occasional Newsletter of the IFM Demonstration Project. (F) Order from 
Information Service, 103 Morrill Hall, Iowa State University, 
Ames, lA 50011 

Monthly Newsletter o f the Farm 2000 Project 

(F) Order from Steve Hopkins, Poweshiek County Extension Office, 
P. 0. Box 70, 114 S 3rd St., Montezuma, lA 50171 



VIDEO TAPES AND SUDES SETS 

Available for rental from ISU Film/Video Library, 121 Pearson Hall, Iowa State 
University, Ames, lA 50011 or call (515) 294-1540. 

Iowa Wall Quality 

75420, 11 minutes, h" VHS, or 3/4 U-MATIC, rent $14.00 plus shipping and 
handling 

Life Force ; Concerning Water. Part I 

75129, 28 minutes, h" VHS, or 3/4 U-MATIC, rent $14.00 plus shipping and 
handling 

Life Force : ConcemlTig Water. Part II 

75130, 28 minutes, 4- VHS, or 3/4 U-MATIC, rent $14.00 plus shipping and 
handling 

Northeast Iowa Grou ndwater: How Good? How Long? 

3-100, 12 or 15 minutes, 105 or 131 slides, script and audio tape, 
rent $8.85 plus shipping and handling 

Groundwater . . .Valuable. . .Vulnerable! 

S-91, 20 minutes, 159 slides, script and audio tape, 
rent $7.60 plus shipping and handling 
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Recycling Directory - Selected Listing 

These are only the entries for glass, paper and 
plastic from the Iowa Recycling Directory . 
prepared by the Waste Management Authority 
Division CWMAD), of the Iowa Department of 
Natural Resources. 

Every effort was made to check the accuracy 
and completeness of the entries. No warranty 
expressed or Implied, and no endorsement or 
any firm, business, organization or Irvdlvldual Is 
Implied by inclusion or exclusion from this Ibtlng 

Market conditions ore In a continual state of 
change. Those Interested in recycling a par- 
ticular material at a specific location should 
call ahead to see If the material Is being 
collected only as a service to prevent you from 
incurring disposal costs or if the material is being 
purchased for cosh. 



City Carton Company Inc. 
1415 E. Dunkerton 
Cedar Falls. lA 50613 
319-277-3464 
paper, all types 



City Carton Company Inc. 
402 Harvey R. 
Mt. Pleasant, I A 52641 
Tim Ockenfels 319-385-7206 
oil types paper > 500 lbs. 



City Carton Company Inc. 
3 E. Benton St. 
Iowa City, lA 52240 
John Ockenfels 319-351-284G 
paper all types 



J&SRecyclePaperCo 

840 Cleveland Ave. 

Keokuk, lA 52632 

Joe Scott 319-524-6443 

any quantity of newsprint, corrugated, office 

paper, etc. 



Glass 

Lee Co. SW Commission 

RR#l.Boxl6 

Fort Madison, lA 52627 

Ron Mace 319-372-6140 

prefer color sorted 

NIVC Redemption Center 
545 East J Street 
Forest City. lA 50436 
Ann Powers 515-532-2384 
crushed glass 

Mason City Recycling Ctr 
1410 S. Monroe 
Mason City, lA 50401 
Dean Hess 515-423-2155 
gloss 

Clarinda Redemption Center 
116 East Stewart 
Clarinda, Iowa 51632 
712-542-3004 
cotor sorted 



253 



Paper Recovery Corp 

1191 Engleslde Dr. 

Cedar Ropkjs, lA 52404 

Jim Ledenbach 319-364-5572 

paper, pallets, drums, plastics, most materiel. 

truckload quantity. 



Durbin Paper Stock Inc. 

1539 Rockingham Rd. 

Davenport. lA 52802 

Bill Ellis 319-323-4909 

all grades of paper, any qty. 



Carroll Enterprise Syst. 

314 E. 5th St. 

CotTOII. lA 51401 

Dave Stems 7 12-792-67 13 

corrugated and other paper products. 



Cass Co S.W. Commission 
m #4, Box 183 
Atlantte. lA 50022 
Bill Hogueison 712-243-5024 
all quantities corrugated 
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Georgia Pacific 
823 N.C9dar 
MontlceiloJA 52310 
D.Bohllren 319-465-3543 



Paper Stock of Iowa Inc. 
2308 Sunset Rd. 1284 
Des Moines JA 50305 
Bruce Sherman 5 1 6-243-3 1 56 



Packaging Corp of America 
P.O. Box 117 
Tama.lA 52339 
515-484-2884 

truckload quantity or larger 



Slouxkand Recovery 
1107 Morgan St. 
Sioux City JA 51105 
Richard Hall 712-258-2823 
all paper in good quantities 



Cimino Recycling 
201 SE 6th St. 
Des Moines, lA 50265 
Bill Best 516-243-1696 
all types of waste paper. 

Sealrlght Co Inc. 
2925 Fairfax Rd. 
Kansas City. MO 66115 
J. W. Undberg 913-321-5002 



NIVC Redemption Center 
545 East J Street 
Forest City JA 50436 
Ann Powers 515-582-2384 
any quantity of cardboard collectec by shel- 
tered workshop 



Waste Systems Corporation 
Route 2 

take Mills JA 50405 

David Bergen 515-592-9182 

baled or loose for 14 county area serviced 



Container Corp of America 

1601 TrI-view Ave. 

StouxClty.lA 51103 

James McCul tough 712-252-3861 

baled corrugated in truckload quantities 



Scott Couniy Landfill 
RR#2 Y46 (P.O. Box 563) 
Buffato.lA 52728 
Cindy Tufkle 319-381-1300 
any quantity corrugated or 
high grade offk:e poper 



Mason City Recycling Center 

1410 S. Monroe 

Mason City J A 50401 

Dean Hess 515-423-2155 

an types and quantities of paper 



Capitol Oi! Company 
729 S. Capltol.#408 
Iowa City JA 52244 
Richard Strauss 3 19-338-8 1 36 
any quantities 



Lee Co. S.W. Commission 

RR#l.Boxl6 

Fort Madison J A 52627 

Ron Mace 319-372-6140 

any quantity drop off 



HorizorkS Unlimited 

King 8i Seventh St. Box 567 

Emmetsburg, lA 50536 

Marilyn Conlon 712-852-2925 

work activity center accepts newsprints 

Quality insulotton Mfg. 
1930 EastonBlvd. 
Des Moines. I A 50316 
Betty South 515-266-2677 
newsprint any quantity 



Midwest Thermal Products 

P.O. Box 1090 

Hesston. KS 67522 

Jim Sundermon 316-327-2131 

newsprint in large quantities 



Plastics 

Hamilton Co. Cons. Brd. 

RR#l.Box7 

Webster City. I A 50695 

Jean Eells51&-832-1994 

collecting milk jugs for recycling 



Polymer Products 

RR #3, Box 182 

Iowa Falls JA 50126 

Greg Mattson 515-648-b073 

end manufacturer. PET, HDPE, ottier 



Plastic Recycling 

2nd & Davis 

Union. lA 50258 

Floyd Hammer 515-486-2266 

tidpe.PET 



N. E. W. Polymers 
Box 220. 112 Fourth 
Luxemberg.WI 54217 
Vem Vincent 414-845-2326 
end manufacturer. HDP 



Main Plastics 

2600 Commonwealth Ave. 
Chicago. IL 60064 
Dick Helfenbein 312-473-3553 
processor, broker. HOPE other 



Poly Pro Products 

P.O. Box 69 

Thornton, IL 60476 

Charlie Ward 312-594-7575 

processor, hdpe. Idpe. mdpe. PET truckload 

quantity 



Eaglebrook Plastics 

2600 W. Roosevelt Rd 

Chteogo. IL 60608 

Andrew Stephens 312-638-0006 

processor, end manufacturer. HDPE, 8c other 



MRC Polymers 

17 16 W.Webster Ave. 

Chteogo. IL 60614 o . 

Daniel Eberhordt 3 1 2-276-6345 ^ ^ 1 

processor, PET 



FDA Rastlcs 

2001 N. 22nd St. #966 

Decatur, IL 62526 

Felix Akhlmie 217-429-3373 

processor, broker, PET, HDPE, other 



Interplastte Corp. 
2015 NE Broadway St. 
Minneapolis, MN 55413 
Sharon Fisk 612-331-6850 



Century Plastics 
Box 51 

Hayfleld,MN 55940 
Stephen Becvar 507-447-3232 
need chopped or baled HDPE 



Pkjstic Cyc 

4929 S. 29th St 

Omaha, NE 68108 

Richard Arms 402-731-5580 

hdpe, idpe, ABS, purglns and plastic port re- 

jects,/lge. qty 



NUCON Corp. 
540 Frontage Road 
Nofthfleld, IL 60093 
Peter Piggot 312-446-6777 
end manufacturer, HDPW 



Freeman Chemical Co. 

217 Fremon Drive 

Port Washington, Wl 53074 

Max Stroiko 414-284-5541 

PET bottles free of base/cap/label 40.000# qty 



Midwest Plastics 

811 Collins Road 

St6ughton,Wl 53589 

Davkj M. Kolltz 608-873-5402 

processor, end manufacturer, hdpe & other 



A to Z Full Recycling Co. 
403 W. Depot St. #605 
Marshfleld,Wl 54449 
James Chemey 715-384-9308 
processor, PEF, HOPED, other 



Riverside Materials 

800 South Lane 

Appleton.Wi 64912 

Mary Stachowicz 4 1 4-733-36 1 4 

broker^ PET. HOPE 



Plastic Recycling 
Box 182 

Iowa Falls. lA 50126 

Floyd Hammer 615-648-5073 

plastic, film scrap, pet. hdpe trk Id. baled/gran 



NCS Plastics 
1210 9th St. 

Cedar Rapids. lA 52404 
319-363-2112 



Midwest Plastics 

811 Collins Road 

Stoughton.WI 53589 

Dick Helfenbein 312-473-3563 

processor, broker. HDPE & Other 



Scott County Landfill 
RR #2 Y48 (P.O. Box 563) 
Buffalo. lA 52728 
Cindy Turkle 3 19-38 1-1 300 
HDPE (milk jugs) 
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Why Compost? 

By using compost yoli return organic matter to the 
soil In a usable form. The materials used In com- 
posting make up 20-30% of all household wastes. By 
composting these materials you eliminate the costs of 
disposal at a landflll, save limited landDII space, pro- 
tect the environment, and Improve your own soil all at 
the same time. Improving your soil Is the first step 
toward improving the health of your plants. 

As an added bcneOt, healthy plants help clean our 
air, conserve our soil, and beautify our landscapes. 
Using compost can be easier and cheaper than bag- 
ging wastes and if you have a lawn, garden, trees and 
shrubs or even planter boxes you will always have a 
need for compost. 

Compost, or artinclal manure, may be defined as 
decomposed plant material or vegetable matter. Some 
soil is mbced through compost, but there Is a very high 
percentage of rotted plant materials. If you want to 
deal with your yard wastes In an easy. Inexpensive and 
environmentally safe way, a holding bin will work very 
well. 

Compost may be considered as a form of feiUllzer, 
but its most important function, in the vegetable or 
flower garden. Is keeping the soil In good condition by 
Increasing the organic matter content. This Improves 
soil structure by making It more granular. Increasing 
the organic matter content of a soil Increases Its pro- 
ductive and water-holding capaclUey. Plants living in 
such soli can better withstand drought conditions. 
Vegetables, nowers, lawns and sm£«Jl fruits grow best 
in soils that have a high organic content. 

2H4 



Although good yields are possible by adding only 
mineral fertilizers or only organic materials to the soil, 
It Is generally considered that best results can be 
obtained by using both. The garden gets the advan- 
tages of humus from the organic matter and higher 
mineral nutrients from the commercial fertilizer. It Is 
not practical to use one as a substitute for the other. 

If a good-quality peat Is not readily available, com- 
post will make a good substitute. Poor grades of top- 
soli can be Improved by composting with leaves, wood 
chips, sawdust, and sim'.lar materials. Liberal quanti- 
ties of water and nitrogen fertilizer are needed to has- 
ten decomposition. 

Where very large volumes of leaves (40 or more 
bagb) available for composting. It may not be as 
^ feasible to fcilow the procedure outlined In this pam- 
^ phlet to obtain rapid decomposition. In such cases, It 
may not be as practical to add the soil layer to the pile, 
but the nitrogen fertilizer and water help produce a 
better qwAlty compost in a shorter time. 

Materials for M&ldng a Compost Pile 

There are a large number of plant materials 
around the yard and garden that can be used in the 
compost pile. Some of these are leaves, lawn clip- 
pings, weeds from the yard and garden, hedge clip- 
pings, straw, mulch raked from flower beds, and saw- 
dust. Diseased vegetables and flower plants should 
not be used. 

A section of snow fence or wire fence will make a 
nice enclosure for the compost pile. Growing flowering 
vines on the fence or tall annuals around ih^ft compost 
pile wil! easily :onceal it. A pit 2 1/2 feet deep would 
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be more easily concealed and would keep the plant 
materials moist for more rapid decomposlUon. SUlI a 
third possibility would be to make a framework of 
boards or concrete blocks (see cover Illustrations). 

A hlgh-nltrogen, complete commercial fertilizer Is a 
good addition to each layer of the compost i "e. The 
nitrogen Is added principally to feed the bacteria that 
break down or decompose organic matter into compost 
or humus. Adding nitrogen results in more bacteria, 
which brings about faster decomposlUon. The phos- 
phorus and potassium are needed to give a more bal- 
anced* mineral content to the flnlshed compost. 

The following will serve as a guide for adding com- 
mercial fertilizer. The quantities given would be ap- 
plied to each 6- to 8- inch layer of about 25 square feet 
lit area (5 feet by 5 feet). 

If materlaJs are mostTy sawdust* tree leaves, 
straw, or crushed corncobs, use: 

1 1 /2 pints of a 1 5- 1 5- 1 5 ferUlizer or 

2 pints of a 12-12-12 ferUlizer or 

2 1 /2 pints of a 1 0- 1 0- 1 0 ferUlizer. 

If materials are mostly grass clippings, silage, 
weeds and similar green materials, use: 

1 pint of a 1 5- 1 5- 1 5 fertilizer or 

1 1/2 pints of a 12-12-12 ferUlizer or 

2 pints of a 10-10-10 ferUlizer. 
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Increasing Surface Area 

You can also increase the e(n<:lency of your com- 
post pile by Increasing the surface area of the materi- 
als. The more surface area the microorganisms have 
to work on. the faster the materials can decompose. 
Cutting your garden wastes into smaller pieces by 
chopping them with a shovel or running them through 
your lawn mower or a shredding machine will speed 
their decomposition and improve your pile. Several 
shovels of coarse sand added to each layer of the com- 
post pile wtil further help drainage when compost Is to 
be used to improve heavy, tight soils. Equal amounts 
of the coarse sand and soil may be desirable. 

Bones and quantities of animal fats should not be 
used in the compost pile, as they do not compost eas- 
ily, and may attract dogs and other animals. Table 
scraps of vegetables may be used, but they attract flies 
unless covered with other plant materials such as 
leaves or grass clippings. 

Since many Iowa soils a e already neutral (pH 7.0) 
to somewhat alkaline (about pH 7.3 to pH 7.8), it is not 
recommended that lime be added to the compost pile. 
If a soil test shows the soil to be acid, small quantities 
of agricultural lime or gypsum may be added to each 
layer of the comport pile. One cupful for each layer 5 
feet by 5 feet will usually be sufDcient. 

Making the Compost Pile 

Tticre are no special procedures to follow In pre- 
paring compost. With a little experience, each Individ- 
ual will adapt procedures to meet their own needs. An 
out-of-the-way area that can be screened from view Is 
preferable. It should be convenient as well as acces- 
sible to water. Partial shade will tend to retard drying 
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but will lower temperatures in the compoL^..g mate- 
rial, resulting in a slower decomposition rate in spring 
and faU. 

Rectangular compost piles are usually easiest to 
handle. A 30'foot piece of snow fence would make a 
compost pile 10 feet long and 5 feet wide. A rectangu- 
lar trench or framework of boards will serve the same 
purpose. The enclosure could be divided across the 
middle to give two sections of equal size. One side can 
be used while the other side is in the process of de- 
compositlop. 

Best results can be obtained by putting the com- 
post In layers. Each 6- to 8- inch layer of plant mate- 
rial should be topped with a 1-or 2- inch layer of good 
garden loam or barnyard manure, plus several shovels 
full of coarse sand. A topdressing of commercial fertil- 
izer should be added to each layer. Because of the 
remarkable ability of soil and humus to absorb odors, 
there will be no disagreeable odor around a compost 
pile that contains layers of soil. 

The bacteria for decomposition require ample 
moisture. To supply this moisture, each layer of or- 
ganic matter, soil, and fertilizer should be thoroughly 
soaked with water. Excessive amounts of water run- 
ning through the pile will cause leaching of the sol- 
uble fertilizer salts and should be avoided. It is 'ery 
important, however that the compost pile be well sup- 
plied with moisture throughout to ensure rapid de- 
composition. 

Hastening Decomposition 

Heat is generated during the composting process. 
The temperatures often reach 150° to 170°F. If the 



pile Is not kept aufnclently moist, the materials may 
get too hot and the action of fungi will cause It to be- 
come "Jlrejanged." The resulting product appears to 
have tieen burned. Is lightweight, and Is of no value for 
compost. 

it Is desirable to have the higher temperatures 
with the moisture during composting. This serves a 
practical purpose by aiding In the destruction of some 
weed seeds and plant diseases. 

There are several methods that can be used to 
speed up the decomposition of the plant materials by 
bacteria: 

• Addition of a hlgh-nltrogen. complete ferUllzer; 
9 Addition of barnyard manure; 

• 7'uming of the compound about once each 
month during the season, adding some water each 
time. 

Any one of these methods will hasten decomposi- 
tion, but best results can be obtained by using all 
three. 

When the Compott Is Ready 

Compost Is ready t6 use when It Is dark brown, 
crumbly, and earthy-smelling. You can pick it up and 
it will crumble and sift through yrur fingers. Let the 
finished compost stabilize for a few extra days and 
tlien you may sift It through a I /2- Inch screen to 
produce a finer, less lumpy product. To work the com- 
post Into your soil, turn your soil, apply 1- to 3- Inch 
layers of compost and work It in well. You may add up 
to one pound ( a heaping double handful) per square foot. 
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You have Just completed a process that saves money 
and the envlronmcr while requiring little elTort. 

I 

Cross Section of a Home Compost Pile 



Depression for catching 
rain 



1-2" layer of^ 
soil & sand 
& frrllllzer 



6-8" layer 
of plant 
material 



1 



Ground Surface 



Iowa Department ofNatuiml Reaourcei 
Watte Ifanafeinent AiitI^oi!tjr Dirlaion 
Wallace SUtc Office Buildlnf 
Dea Molnea, lova 509 iO 0034 
For note Information Contact: 

515-281*8041 or the 
Groundwater Protection Hotline 
1*800'S32«1114 
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Appendix N. Order Form 

Any of these materials may be reprinted, providing credit is given to the iowa Department of 
Notuml Resources. 



. GREAT Notebool< $ 8.00 

____ Box of 6 groundwater models $ 1 5.00 

_____ Set of 6 postert^ 1 set free 
TOTAL 



Comment 

or free at in-sen/ice 

or 1 model free at In-sen/ice 

or $7.C0/set for multiple copies 



iQlgi 



Name. 



School/Agency 



Address 



City 



.State. 



.Zip Code. 



Classroom teacher: Yes. 



No. 



If yes. y^here will you use these materials? 
a. Grade(s) 



b. Subject(s)_ 



Please make check payable to: Iowa Department of Natural Resources. 

Moil your order to; Conservation Education Center 

R.R. 1 , Box 53 
Guthrie Center. lA 50115 
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